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IKTlvODXTIOI. . 

The  present  InTestir^atlon  was  undertaken  with  the  purpose  of 
determining  the  ^aantitative  relation  of  temperature  to  the  rate  of 
locomotion  In  Amoeba.    In  a^^reement  with  the  results  of  other  Investiga- 
tors, who  have  studied  the  Influence  of  temperature  upon  the  life  processes 
of  the  protozoa.  It  was  found  tho.t  there  was  a  very  close  correlation 
between  temperature  and  the  rate  of  locomotion.    The  statement  occurs 
frequently  in  the  literature  bearing  upon  this  point,  that  the  rate  of 
locomotion  of  other  protozoa,  as  well  as  of  Amoeba,  increases  with  rising 
tenperature.    Davenport  I '08)  cites  Rossbach  I '72)  and  Schurmayer  I '90) 
as  having  established  different  rates  of  locomotion  of  the  ci Hates,  for 
different  intervals  on  the  tenperature  scale.    They  seem  to  have  pointed 
out  rather  definitely  that  between  25  and  30  decrees,  locomotion  reaches  an 
optimum  for  both  rate  and  accurate  coordination;  that  between  30  and  35,  the 
hi?h  rate  may  be  maintained  but  movement  becomes  very  irregular- that,  finally, 
near  40  degrees,  pro^essive  movements  become  slower  and  gradually  cease. 
nliile  these  findings  are  definite  enough  in  their  delimitations  of  ten?)eratnre 
conditions  for  locomotion  of  dilates,  evidently  the  reactions  of  the 
organisms  are  reported  merely  in  descriptive  amd  not  in  quantitative  terms. 
For  Amoeba,  hhumbler  I '38)  implies  rather  than  states  definitely  the  dependence 
of  the  rate  of  locomotion  upon  tenperature.    Similarly,  Karl  Jruber  I '12, 
pg.  326)  found  that  cooling  retards  the  rate  of  locomotion  of  A.  proteus, 
while  an  increase  in  temperatire  to  35  degrees  increases  the  rate.    He 
states,  however,  that  even  at  30  degrees,  this  increase  in  rate  is  only 
tenporary,  and  that  a  resting  period  ensues  within  a  very  short  time. 
Schaeffer  I '20)  says  of  Amoeba:   "in  general,  the  lo.ver  the  tenperature  the 
slower  the  movement.    This  has  been  frequently  observed  and  recorded." 
Very  little,  therefore,  seems  known  concerning  the  exact  quantitative 
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measurement  of  the  de»n:ee  of  dependenoe  of  looomotion  and  alilod 
pIVBiologloal  processes  on  teinierature  in  the  protozoa,  and  specifically, 
in  Amoeba. 

Regarding  the  absolute  rates  of  locomotion  in  Amoeba,  the  data 
seem  very  meagre.    The  subject  is  treated  for  the  most  part  In  casual 
notes.    Rhombler  ('98,  pg.  123)  teels  us  that  A.  verrucosa  may  move  at 
a  rate  of  0.5  per  second,  at  a  rate,  therefore,  of  30  per  minute. 
A.  striata,  acoordlng  to  the  same  author,  moves  at  a  rate  of  60  per 
minute,  as  does  also  A.  limax.    Schaeffer  ('20,  pg.  123)  estimates  the 
rate  of  movement  of  A.  proteus  as  600  per  minute,  and  in  the  present 
investigation  the  average  rate  of  all  the  amoebae  studied  at  various 
teiqjeratures,  was  found  to  be  625   ,  a  result  which  is  in  very  close 
agreement  with  Schaeffer 's  measurements.    In  discussing  his  results, 
Eh'ombler  (1.  c,  pg.  123)  touches  upon  a  feature  of  locomotor  behavior, 
which  will  have  to  be  stressed  in  the  following  pages,  the  vauriability  of 
the  rate  of  locomotion  even  at  constant  temperatures.    One  of  his 
specimens  of  A.  geminata.  Pen.  changed  its  rate  of  locomotion  from  90  to 
180  during  five  minutes,  and  he  describes  the  occurrence  of  occasional 
rates  of  locomotion,  so  rapid  that  they  could  not  be  estimated  even 
approximately  by  the  methods  of  measureraent  which  he  enployed.    It  seems 
likely,  as  we  shall  see,  that  these  variations  in  rate  are  manifestations 
of  a  locomotor  rhythm. 

Before  going  on,  it  is  necessary  to  define  "looomotion"  more 
accurately.    Amoeba  may  pass  from  place  to  place  in  a  variety  of  ways. 

a)  It  may  be  passively  transported  in  a  current  of  water.   Obviousiy, 
the  rate  of  this  transportation  is  no  indication  of  physiological  activity, 
and  hence,  for  our  present  purposes,  such  passive  transportation  has 
little  sl^ificance. 
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b)  Amoeba  may  be  paeslvely  transported,  and  at  the  same  time  the 
protoplasm  may  be  flowing.    aruber  has  spoken  of  this  as  "aotlvo- 
passivd*  transportation,    if  In  this  form  of  looomotlon  we  oould 
definitely  measure  the  rate  of  protoplasmic  flow,  the  data  would 
probably  be  of  value  in  the  present  problem.   Obvioaoly,  however,  for 
3-ich  a  mode  of  looomotlon,  the  rate  of  protoplasmic  flow  would  be 
difficult  to  ascertain  with  any  de^ee  of  ass'urance. 

c)  Amoeba  may  transport  itself  actively  by  "crawling",  that  is,  by 
protoplasmic  flow.    Sometimes,  when  it  is  processing  in  this  way.  Amoeba 
is  partially  detached  from  the  substratum,  and  uses  its  pseudopods  as  braces 
for  f'orther  progress.   At  other  times,  it  is  entirely,  or  at  least  at  its 
two  extremities,  attached  to  the  substratum.   It  Is  this  latter  form  of 
locomotion  which  'unmistakably  expresses  the  physiological  activity  of  the 
animal.    It  is  this  form  of  locomotion,  therefore,  which  was  investigated, 
and  its  dependence  upon  tenperature  was  ascertained. 

During  the  last  twenty  years  or  more,  it  has  become  customary  to 
express  the  dependence  of  a  physiological  process  upon  tenijerature  in 
terms  of  a  temperature  coefficient.    V/e  shall  come  back  to  a  discussion 
of  the  history  of  this  subject  and  of  the  possible  meaning  of  the  temperature 
coefficient  in  Part  111  of  this  paper.    For  the  present.  It  may  suffice 
to  call  attention  to  the  fact  that  but  few  investigations  have  been  under- 
taken thus  far  with  the  special  purpose  of  determining  tlie  tenperature 
coefficient  of  physiological  processes  In  the  protozoa.    Ktinitz  I '07) 
has  calculated  the  tenj)erature  coefficients  from  the  data  of  xiossbach  ('72), 
and  for  observations  of  his  own,  on  the  rate  of  contraction  of  the  vacuoles 
in  several  dilates.    Burlan,  cited  by  Wlntersteln  (cf.  Kaniti,  '16), 
calculated  the  tenperature  coefficient  for  the  rate  of  contraction  of  the 
vacuole  in  Vortlcella,  the  data  being  taken  from  a  paper  of  Ostermann's 
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('01).    Khalnsky  ('10)  studied  the  sane  physlologioal  prooess  from  this 
S£une  viewpoint  in  Paramoecl'ira.    The  tercperatiore  coefficient  of  the  rate 
of  reproduction  of  the  protozoa,  has  also  been  studied  In  some  forms. 
Blackman  ('06)  did  this  for  Chilomonas  from  data  in  a  paper  of  iialtaojc  and 
kassart  ('06);  Woodruff  and  Baitsell  ('11)  for  Paramoeclum)  ;  borowalty  ClO) 
for  Aotinosphaerium.    A  third  physiological  phenomenon,  the  nucleo- 
oytoplasm  relation  in  Its  dependence  on  tenperature  has  been  studied  by 
Jollos  ('13)  and  by  ivautmann  ('09),  but  their  data,  while  extremely 
valuable  and  interesting,  are  not  easily  expressible  in  terms  of  a 
ten¥)eratare  coefficient.    Thus  far,  a  search  of  the  literature  has  not 
disclosed  any  investigation  of  the  ten5)erature  coefficient  of  a  locomotor 
prooess  among  the  protozoa. 

Our  purpose  in  this  investigation,  then,  is  to  study  the  influence 
of  temperature  upon  the  rate  of  locomotion  in  Amoeba,  understanding 
locomotion  to  mean  active  locomotion  by  protoplasmic  flow. 
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A.     kAIRilAL 

The  amoebae  used  In  this  InTostigation  were  caltured  from  a  strain 
foond  In  i  etream  of  sprln-j  water  which  la  exposed  to  contamination  from 
sewage  and  surface  water.    This  stretuc  Is  located  near  the  biological 
laboratory  of  the  Johns  Hopiclns  University  and  Is  known  as  Stony  auu. 
Tixe  amoebae  were  oultored  In  ordinary  finger  bowls.    Consllbrable  affort 
was  made  to  keep  the  various  cultures  of  uniform  density  In  relation  both 
to  the  number  of  Individuals  In  any  one  culture  amd  to  the  amount  of  food 
material  present.    Equal  voluraas  of  water  from  the  same  streaji  In  which 
the  amoebae  had  been  found  were  supplied  to  the  various  cultures,  and 
approximately  equal  quantities  of  boiled  timothy  hay,  cut  into  short 
lengths  of  about  2  cms.,  were  added  to  the  culture  dishes  at  intervals 
of  about  two  weeks.    It  was  realized,  of  course,  that;  despite  even  such 
care,  the  cultures  would  become  decidedly  unequal  in  density  with  the  lapse 
of  tiaie,  but  they  were  kept  fairly  uniform  in  appearance,  at  least,  during 
the  progress  of  the  vrork.    Abundant  food  was  kept  in  the  culture  so  as  to 
insure  favorable  and  equal  nutritional  conditions,  and  to  exclude,  as  far 
as  possible,  the  influence  of  food-seeking  as  a  factor  in  determining  the 
rate  of  locomotion. 

kost  of  the  individuals  in  the  various  cultures  conformed  to  the 
diagnosis  of  Schaef f er ' s  ('16)  new  species  A.  discoides.  They  varied  in 
length,  during  locomotion,  from  about  300  to  450  .  They  were  pale 
bluish  by  transmitted  li^ht.  Their  pseudopods  enlarged  with  a  single 
well-coordinated  stream  of  endoplasm  and  no  ridges  were  observed  on  the 
ectoplasm.  The  nuclei  of  these  individuals  were  discoid  with  rouuued 
edges  and  smooth  sorfaces. 

In  every  culture,  however,  some  of  the  amoebae  conformBd  more  nearly 
to  Sohaeffer's  description  of  A.  proteus.    They  moved  forward  with  broad 
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pseidopods,  which  enlarired  with  several  adjacent  streaniB  of  endoplasm. 
They  were  rather  yellowish  by  transmitted  light  and  their  nuclei  were 
variable  in  shape.  —  ho   etfort  was  nvade  in  the  course  of  the  investi-ja- 
tion  to  keep  these  two  classes  of  amoebae  apart,  a.nd,  thoagh  it  is  ^aite 
certain  that  most  of  the  observations  were  made  upon  ▲.  discoides,  some 
were  made  upon  A.  proteas.    Schaefier's  new  diagnosis  of  the  species  of 
amoebae  was  not  available  until  the  present  investigation  had  been  completed, 
and  the  importance  of  the  diagnostic  characters  was  not  appreciated  while 
the  work  was  in  progress.    It  is  probable,  therefore,  that  the  amoebae 
used  in  the  present  investijatiou  belonged  to  two  different  species,  and  it 
is  quite  impossible  at  present  to  separate  the  experimental  data  for  each 
epeciee  with  any  degree  of  assurance. 

In  selecting  individuals  for  experimentation,  some  little  effort  was 
made  to  procure  individ-oals  of  about  the  same  size.    In  the  beginning  of 
the  work,  the  amoebae  were  actually  measured,  but  later  on  the  experience 
gained  was  deemed  sufficient  to  ensure  fair  constancy  in  the  size  of  the 
individuals  selected.    Another  factor  that  determined  the  selection  of  a 
given  individual  for  study  was  its  apparent  activity.    .Vhile  those  were 
chosen  that  seemed  rather  active,  no  long  search  was  made  to  procure  the 
most  active  individuals  in  a  given  cult'ure.    It  was  felt  that  by  such 
random  selection,  individual  differences  would  be  most  readily  effaced  In 
the  averages.    It  will  be  clear  to  anyone  who  has  worked  with  such 
material,  ho7Jever,  that  no  guarantee  of  even  approximate  uniformity  in  the 
individuals  studied  can  be  given. 

More  than  a  hundred  individuals  were  studied  in  this  investigation. 
Those,  however,  which  were  used  in  the  preliminary  work,  as  well  as  those 
which  showed  no  appreciable  sign  of  locomotion  after  they  had  been  observed 
for  15  or  20  minutes,  are  excluded  from  this  report.    Sixty-two 


I 
I 


-13- 


Indlviduals  were  studied  carefully  and  the  results  to  be  presented  In 
the  following  pages  are  based  tqjon  the  performance  records  of  them. 
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B.  METH0D3 

In  itB  barest  outlln«,  the  Investigation  was  conducted  by  measorlng 
the  rate  of  locomotion  of  amoebae  under  known  conditions  of  temperature. 
It  was  necessary,  therefore, 

1.  To  secure  a  definite  ten5)erature  in  the  immediate 

environment  of  the  amoebae  and  to  vary  this  temperature, 

2.  To  measure  temperature  accurately. 
3^  To  measure  time. 

4.  To  measure  the  distance  traversed  in  a  given  time  interval. 

5.  To  record  the  results. 

6.  To  represent  fcraphically  the  variations  in  the  rate  of 

locomotion. 

7.  To  exclude,  as  far  as  possible,  all  factors,  except 

tenperature,  which  might  affect  the  rate  of  locomotion. 

1.  Lethod  for  Securing  a  Definite  Temperat'ure 
and  for  Varyinp-  Temperature 

Water  of  known  temperature  circulating  within  the  chamber  of  a 
Pfeiffer  warming  stage  was  used  for  controlling  tenperature  conditions. 
The  Pfeiffer  stagje  is  essentially  a  closed,  rectangular  glass  chamber 
(i'ig.  1)  with  openings  for  the  inflow  and  outflow  of  water  and  for  in- 
serting a  thermometer.    The  external  dimensions  of  the  one  used  in  this 
investi-jation  were  9.2  by  7  by  1  cms.    It  was,  therefore,  sufficiently 
lar^e  to  enable  the  observer  to  place  it  securely  upon  the  Bta^je  of  the 
microscope. 

As  ordinarily  used,  the  animal  to  be  studied  is  placed  upon  the 
upper  surface  of  the  Pfeiffer  sta.je.   Thus,  the  animal  is  supposed  to  be 
subjected  to  the  tenyerature  of  the  water  circulating  within  the  chamber. 
In  the  preliminary  worl:  on  the  problem,  it  was  soon  found,  however,  that 
considerable  time,  as  much  as  four  or  five  minutes,  had  to  elapse  before 
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th»  upp«r   surfaoe   of   the  warmlrvj  eta^re  beonme  ev«n  aporozlnately   Isothermlo 
with  the  Interior   of  the   chamber.         This   eurfaoe  was  expoaed  to  the 
temperature  of  the   room  and   the   clroalatlon  of  air.  Consequently,    Its 

temperature   showed  rather  frequent  and  rrtde   fluctuations.         Moreover,   as 
the  walls  of  the  Pfolffer   stM^  are  plate  glass,   3  nra.    In  thlclmess,    It 
took  this  raasfl  "jf  glass  a  considerable  time  to  assume   the   tempt^rat'ure  of  the 
water  oiroulating  within.         Mihen   temperaturd  changes  were  to  be  imde,    there- 
fore,  the   purfaoe  upon  which  the  amoeba  had  been  placed  showed  a  Tery  con- 
siderable  l8tg. 

To  obTlata   these  difficulties,   the  Pfeiffer   stage  was  modified  in  a 
▼ery   Blmole  manner.  A  circular  opening,   2  cms.    in  diameter,   was  cut   through 

the   upper  glass  plate  of  the   chamber.         This  opening  was  then  closed  by  a 
glass  disc, 0.26  mm.    in  thioloiess  and  3  cm.    in  diameter,   which  was  cemented 
to  the  inner,    i.e.   the  lower  surface  of  the  plate  with  De  Khotinsky's 
cement    (Fig.   2).  A  cell  was  thus  fornied  —  hereafter   to  be   spolcen  cf  as 

a  "depression  cell"   —   into  which  the  amoeba©  were  placed  in  their   own  culture 
medium.         A  cover  glass  wss  then  placed  ovor  the  animals.  As  the   cover 

glase  wa.'»  1.9  mn.   in  diametor,   there  was  anough  clearance  between  the  edge 
of  the  cover-glass  and  the  walls  of  the  depression  cell  to  permit  a  free 
interchange  of  gases  between  the  atmosphere  and  the  culture  medium.         Only 
a  thin  sheet  of  glass, .28  an.   in  thickness,  now  separated  the  culture  medium 
in  which  the   amoeba  had  been  placed  from  the  water  circulating  within  the 
chamber  of  the  Pfeiffer   staigo.  The   l&s  of  the  temperature  of  the  depres- 

sion cell  as  compared  with  that   of  the  chamber  was  thus  greatly  reduced. 

Water  was  delivered  to   the  warming  stage   through  glass  and  rubber 
tubing  from  &  series  of  six  19  liter  reservoirs,  which  were  kept   on  a   shelf 
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60  om.  above  the  adcrosoope  stage.    tVlth  Its  delivery  tube  entirely 
open,  eaoh  reservoir  could  be  emptied  in  about  30  minutes,  <lvln>r  a  flaw 
of   .63  liter  per  minute.    This  rate  of  flow  was  found  to  be  sulliciently 
fast  to  offset  the  influence  of  room  tenperature  or  other  influences,  which 
could  cause  fluctuations  in  the  temperature  of  the  depression  cell.   The 
delivery  tubes  from  the  reservoirs  were  connected  with  the  int-uKe  txve   of 
the  Pfeiffer  stajje  through  glass  Y  tubes,  and  any  one  of  the  reservoirs 
could  thus  be  tapped  at  will. 

Before  the  beginning  of  a  series  of  observations,  the  water  In  the 
reservoirs  was  brou.jht  approximately  to  the  temperature  at  which  it  was 
desired  to  work.    Just  before  the  water  was  used,  its  ten^jerature  was 
a>;ain  determined,  and,  if  necessary,  was  definitely  adjusted  by  the 
addition  of  hot  water  of  broken  ice,  and  then  thoroughly  stirred.   The 
bulk  of  the  water  in  each  reservoir  was  found  to  be  larje  enough  to  enable 
it  to  retain  a  given  tenperature  for  a  considerable  time. 

To  make  a  temperature  change  in  the  Pfeiffer  cell,  therefore,  it  was 
necessary  only  to  close  the  clarap  of  the  delivery  tube  from  one  reservoir 
and  to  open  that  from  another. 

2.  lleasurement  of  Temperature 

Even  after  the  modification  of  the  Pfeiffer  sta^je,  ^usc  described, 
it  soon  became  apparent  that  It  was  necessary  to  measure  the  terqperatore, 
not  only  of  the  ciroulating  water,  but  also  of  the  culture  medium  in  the 
depression  cell. 

For  deters^dning  the  tenperature  of  the  water  circulating  in  the 
chamber  of  the  sta^e,  a  thermometer,  graduated  in  two  de^jree  Intervals  and 
checked  against  a  standardized  thermometer,  was  used.   The  reading  of  this 
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thermometer  was  further  ohecmd  not   only  by  the  wator   In  the  resorvolra, 
but  also   by  that  of  the  outflowing  water. 

The   determination  of  the   temperature  of  the  culture  nsdlum  In  the 
depression  oell  proved  to  be   somewhat  more  difficult.  To  meas ire   this 

tetT5)erature  directly,   e.*j,   by  inserting  a  thermometer   into   the  culture 
medium,   was  not   feasible.  Since   It  was   ciffioient,   however,    to  icnow  the 

difference  of  temperature  between  the  water  circulating  in  the  chamber  and 
that   in  the  depression  oell,   the   temperature  of   the  latter  coald  be  determined 
Indirectly.         For   such   indlrjot   determinations,    the  use  of  thermo-couples 
is  eminently  adapted,   and  hence   the   electro-thermometer   is  described  by 
Hill   ('13)    and  Soeers  and  Lewes   I '14)   was  modified  to  suit  the  requirements 
of  the  present   investlgatior.  This  method,    it  will  be  recalled,   depends 

on  the  principle  that  an  eleotro-motive  force  is  set  up  viierx  the  junction 
of  two  metals   is   subjected  to  a  change  of  temperature. 

Two  such  Junctions  formed  into  a  circuit  constitiite  a  couple.         If 
the  two  J'lnctiona  are   subjected  to  different   ten^ieratures,    the  difference 
of  potential   at   one   junction  will  be     greater     than  that   of  the  other,   but 
the  aggregate  difference  of  potential  in  the  circuit  is  proportional  to 
the  difference  of  th'^   temperature  of  the  two  junctions.  If  a  >Talvanometer 

is  inserted  in  the  circuit,   the   strength  of  the  electro-motive   force  may  be 
measured  and  the  galvanometer   scale-readings  may  readily  be  calibrated  as 
degree-differen.ies  In  temperature.  i'rom  this   It   ie   clear  that.    If  it   is 

desired  to  measure   the  differenc3   of   temper- tare  betweon  two  Junctions,   or 
the  difference  in  te=5)erature  between  two  media  in  which  they  are   inicersed, 
the  temperature  of  one   of  the  media  must  be  Imown. 

The  oonditlons  in  the  present  ^^roblem  were   such  as  to  noBke   the 
application  of  this  principle  very   simple.         ^  was   said  in  the  prevloua 
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p«iragraph,    th«   tonfwrature  of  the  water  oiroalatlnar  la  the  ohnraber  of   the 
Pfelffer   sta.^  was  definitely  known  and  oould  be  eaelly  cheolmd.  If   ine 

Jonotlon  of  a  thermo-ooaple  were   Inserted   Into  thl3  water  and  the   other 
Into   the  nBdlam  In  the  depression  cell,    the  desired  Informntlon  re^ijardln^ 
the   temperature   of  the  raedlam  In  the  depression  cell  coald  readily  be 
asoe^tAlned  from  galTacojneter  readings.         The  arransfement   la  dla^aaimtlcally 
represented  In  Fig.    5. 

The  oo'inle  wae  formed  by  Ho.  41  constantar  -".rd  No.   40  oopper  wire. 
The  constant  an  wlro  was  50  cm.    long  ^wd  this  was   soldered  at  either  end  to 
pieces  of  the   copper  wire,  eaoh  25  cm.   long.  The  free  ends  of  the  copper 

wire  were   then   ?oldered  to  leads  of  No.   29  copper  wire,   and  these  were 
connected  with  a  galvanometer.  Aa  these  Junctions  had  to  be  Incorsed  Ir 

water,   they  were  covered  with  a  thin  ooatlng  of  paraffin.         One  of  the 
Junctions  was  attached  by  means   of  rubber  tubing  to  the  bulb  of  the 
thermoroeter  and  Inserted  into  the   chamber   of  the  Pfelffer   stage;   the  other 
was  Inserted  under  the  cover  Tflass  In  the  depression  cell. 

The  galvanometer  used   in  this   investigation  was  a  D'Arsonval 
Instrument,  (Leeds  and  Korthrup,  Type  P),   mo'ontel  on  an  adjustable  wall- 
board.  Its  reslFtanoe  was  114  ohms,   its  sensitivity  100  nregohirs  and  its 
period  about  8   seconds.  The   scale  wao   supported  on  the  usual   scale  arm 
at  50  cm.   dlst-mce  from  the  mirror  of  the  galvanometer.  A  stralt^ht   scale 
was  used  as  it  was   intended  to  make  readings  at   short  distances  only  from 
the   zero  point.      (See  Fig.    6  for  assembled  apparatus). 

The   system  was   such  as  to  give  a  deflection  on  the    scale   of  the 
galvanometer  of   9.7  nic.   per  difference   of  one   degree.         This  val'je  was 
determined  as  follows.  The  J'xnotions  of  the  couple  were   'rserted  Into 

beakers  oontainin>^  water  of  different  known  temperatures,   and  tba  deflection 
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on  the  galTEmometsr   seals  wae  noted.        i-'rom  these  data,    the  4<ifleotlon  per 
de^ee  of  difference  were  then  oaloalated.         To   illaetrate,   a   <ierlet  of 
sich  deteririaations  1«  i^iven  In  Table   1   (a).  The   Jvinotlona  are  deal^^ated 

aa  1  and  2  reppeotlvel^-   and  their   tempf«rature,   whioh  was   the   came  as  that 
of   the  water    In  whioh  they  were   Imnersed,    wa^  determined  by   means   of   standard 
thermometers.  These  ten^eratores  are  entered  in  the  first  and   second 

oolams.  In  the   third  oolaon  are  given  the  differences  in  ten^rature 

between  the   two  Junctions,   in  the   fourth  the   observed  deflection  on  the 
galvanometer   scale,   and  in  the  List  column  the  calculated  deflection  per 
degree.  In  this  particular   set   of  observationB,    the  ten5)erat'xre  of  Junction 

1  was  kept  constant.         The  average  of  the  five  determinations,   ranging  in 
differences  of  temperature  of  the  two  Junctions  from  6.8  to  15.7  degrees, 
jjevfl  a  deflection  of  9.7  mn. 

The  test,   however,   does  not  meat  accurately  the  oonditions  that  were 
enoo'xatered  In  using  the  Pfelffer   sta^.  In  the  present  problem,   it  was 

necessary  repeatedly  to   change  the   temperatures  of  both  junctions.  To 

study  the  action  of  the  electro-thermometer  under   such  conditions,   the 
ten^rature  of  the  water  of  both  beaker^  In  which  the   thermo- junctions  T'ere 
inserted,  was  changed.         Table   I    (b)   contains  the  records  for    such  a 
series  of  observations.  The   terqperature  of  Junction  1  varied  from  30.2 

to  9.0  degrees;    that  of  junction  2  from  30.6  to  28*8  degrees. 

It  will  be   seen  from  this  table   that   in  this   series  of  observations 
the  difference  of  ten^rature  ranged  from  .5  to  19.1  degrees,  while   the 
average  deflection  for  a  difference  of  temperature   of  one  degree  varied  from 
12.6  to  9.5  mm.         The  average  of  the  various  readings  gave   a  deflection  of 
9.9  mm.   for   a  difference   of  one  degree. 

Vhen  the  difference  of  teicperatare   between  the   two  Junctions  was 
vei*y   small,   the   same  constancy  of  value  nf  the  deflection  for  a  difference 
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Jalvanoaeter  Dafleotlon  per  Difference  of  One  Degree  Temperature 
Between  Two   Junotlone   of  the  Thenro-Coaple 


a)     With  Variation  In  Temperature  of  One  Janctlon. 


'enr:)erat.ire  of     Temperature  of     Difference   In     Deflection  of     Deflection  per 
Junction  1  J'onctlon  2  Temperat-ire         dalvanometer  De^jree 

Degrees  Degrees  Degrees  ]Lxa.  14m. 


17.75 

>• 
It 


27.0 

9.25 

89.0 

9.6 

29.5 

11.75 

113.0 

9.6 

31.0 

13.25 

127.0 

9.6 

32.0 

14.25 

138.0 

9.7 

34.0 

16.25 

161.0 

9.8 

Average  Deflection  per  One  Degree  Difference 
In  Temper  at  ire     =     9.66  rm. 


b)     With  Variation  in  Temperatixre  of  Both  Junctions. 


Teraperatiire  of     Temperat'ure  of     Difference   in     Deflection  of     Deflection  per 
Junction  1  Junction  2  Temperat  ire         Salvanoroeter  Detjree 

Deprees  Decrees  Degrees  Ijn.  Lm. 


30.2 
24.8 
21.8 
19.2 
17.0 
16.0 
13.5 
12.0 
11.0 
9.0 


30.6 

9.4 

4.5 

11.1 

30.2 

5.6 

52.0 

9.3 

30.0 

8.3 

80.0 

9.8 

30.0 

10.8 

103.0 

9.5 

29.9 

12.9 

122.0 

9.4 

29.8 

13.8 

130.0 

9.6 

29.2 

15.7 

164.0 

9.8 

29.0 

17.0 

164.0 

9.7 

23.8 

17.8 

173.0 

9.7 

28.8 

19.8 

191.0 

9.8 

Average  Deflection  per  One  Degree  Difference 
in  Temperature  =  9.76  mm. 
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of  one  dejrso  was  not  always  obeervod.    Still,  repeated  observation 
showed  that  the  variation  was  not  more  than  ZO}^   and  since  this  r^ant  an 
error  of  but  little  more  thar  one-fifth  of  a  de^oe,  the  nethod  was  deemed 
Buffiolently  accurate  for  the  ^jreaent  purpose. 

From  more  than  260  such  observations,  the  value  of  the  deflection 
per  one  decree  difference  was  finally  fixed  upon  as  9.5  ran.  but  this  value 
was  repeatedly  checked,  sometimes  dally  for  several  days  in  succession. 

In  deterrrdnlnf^,  therefore,  what  the  temperature  within  the  depression 
cell  was  at  any  given  moment,  the  thermometer  which  re>;lstered  the  temperature 
Inside  of  the  Pfeiffer  stage  was  read,  and  the  deflection  of  the  galvanometer 
at  that  instant  was  noted.    The  thermometer  reading  wae  then  corrected 
by  means  of  the  formula, 

T„  r  T„  +   i 

O        8  -   

9.5 
where  T^  =  the  temperature  of  the  medium  in  the  depression  cell. 
Tg  =  the  tenperature  of  the  water  In  the  stage. 
Gr  =  the  deflection  as  read  on  the  galvanometer  scale. 

It  is  obvious  that  the  arrangement  of  the  apparatus  gave  informa- 
tion, too,  as  to  whether  the  circulating  water  was  v/armer  or  colder  than 
the  culture  raediom  in  the  depression  cell;  for  this  could  be  learned  from 
the  sense  of  the  deflection,  to  the  ri=^t  or  to  the  left  of  the  zero  point 
of  the  scale.    Hence,  the  correction  depending  upon  these  conditions,  was 
either  plus  or  minus. 

Table  II  shows  the  fluctuations  of  temperature  in  the  depression  cell 
as  determined  by  the  method  outlined  above.    In  the  first  column  is  given 
the  number  of  the  observation;  in  the  second,  the  time  at  which  the 
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Corqjturloon  of   ttio  Temtjeratare   In  t-he   iVater  Chamber 
with  that   in  the  Deureseion  Cell 

Temperatare  Twnppratare 

Observation         Time  of   the  of   the 

Water   in  the  Ch-trriber       lledlum  iu  Depreselon  Cell 


1 

9i25 

18 

2 

9t26 

1* 

8 

9:27 

m 

4 

9:28 

w 

6 

9:29 

N 

6 

9:30 

N 

7 

9:32 

26 

S 

9:33 

II 

9 

9:34 

N 

10 

9:35 

m 

11 

9:36 

n 

IE 

9:37 

N 

13 

9:38 

if 

14 

9:39 

N 

15 

9:40 

N 

16 

9i44 

24 

17 

9:45 

M 

16 

9:46 

N 

19 

9:46 

10 

20 

9:49 

» 

21 

9:50 

11 

22 

9:51 

12 

23 

9:52 

11 

24 

9:53 

11 

25 

9:59 

10 

26 

10:02 

11 

27 

10:03 

II 

29 

10:04 

10 

80 

10:08 

It 

81 

10:11 

It 

82 

10:14 

N 

88 

10:15 

N 

84 

10:16 

It 

85 

10:13 

m 

86 

10:23 

It 

37 

10:24 

N 

88 

10:27 

25 

89 

10:26 

n 

40 

10:29 

N 

41 

10:30 

It 

42 

10:31 

•t 

48 

10:32 

N 

44 

10:33 

It 

46 

10:34 

N 

46 

10:36 

N 

17.9 
17.8 
17.8 
17.9 
17.8 
17.8 

25.4 
25.4 
25.7 
25.8 
25.9 
25.9 
25.9 
26.4 
25.6 

24.0 
24.0 

24.0 

11.66 

10.55 

10.8 

11.6 

1C.23 

11.00 

IC.O 

11.33 

11.1 

10.5 

10.44 

10.4 

10.0 

N 

m 

N 

N 


24.8 
24.6 
24.9 
24.5 
24.8 
24.8 
£4.7 
24.6 
24.2 


Temp,  changed,  9:31 


Temp,  ohaoged,  9:43 


Temp,  ohanged,  9:43 


7enp.  changed,  10:26 
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Observation 

Tli» 

Temreratare 
of  the 

Temperati 
of   the 

are 

Water  in  the 

Chamber 

Med lam 

In  DepressioD  Cell 

47 

10j37 

25 

24.6 

48 

10:38 

N 

24.8 

49 

10J41 

15 

15.0 

Tem[j.    sbanii^ed,    11 

60 

10:44 

It 

15.0 

61 

10:47 

It 

16.0 

62 

10:49 

20 

19.6 

Temp.   chan*^d,    1( 

65 

10:51 

ti 

19.6 

64 

10:53 

11 

13.0 

Tenqp.   changed,   1( 

66 

10:57 

»i 

11.8 

i 
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observation  was  made;  In  the  third,  the  thermometer  reading  showing  the 
tesparatiire  of  the  water  oiroulatlng  within  the  ohasiber;  in  the  fourth, 
finally,  the  temperat ire  in  the  depression  oell,  f o  ind  by  enploying  the 
method  for  oorreotion.  From  the   data  presented  in  this   table,   a  graph  was 

construoted  (Fig.  4).  In  the  graph,    time  is  plotted  along  the   line   of 

absoissas,  and  tecperatiire  along  the  line  of  ordinates.         The   tnermometer 
readln>;a,  measuring  the   temperature  of  the  water  within  the  chamber,   aro 
shown  in  broken  lines;    the   temperature   in  the  depression  cell  is   shown  in 
solid  lines.  The  time  at  i^loL  the   temperature  of  the  water  circulating 

within  the  chamber  was  changed  is  indicated  by  arrows. 

By  referring  to   the  graph,   it  will  be    seen  that,   on  chanfjing 
terqperat'ire,    it   took  the  depression  cell   about   one  minute   to  become   isotherraic 
with  the  water  circulating  within   the  chamber.  Thus,   the   ten?)eratare  of 

the  circulating  water  was  changed  at  9.31  o'clock,   from  18.2  degrees  to 
26  degrees.         At  3.32  o'clock,  while  thermometer  recorded  exactly  the  new 
tengjerat'ire,   the  temperat'ire  of  the  depression  cell  was  25.4  degrees;    at 
9.34  o'clock,    it  was   25.7  degrees;   at  9.35,    it  was  25.8  degrees;   at  9.36, 
it  was  25.9  degrees.         Then  a  slight  drop  occurred  in  the  ten5)erat'are  of 
the  depression  cell,   to  26,4  at  9.39,   and  this  was  followed  by  a   slight  rise, 
to  25.6  degrees  at   9.40.  Such  fluctuations  are  due,   probably,   to  change 

in  the   atmospheric  conditions  immediately  surrounding  the  microscope,  A 

further  study  of  the  graph  anl  the  table  will  also  reveal  the  fact  thut,   in 
this  case,   at   least,    the   ter!5)erature  of   the  medium  In  the  depression  cell 
never  actually  reached  the   teraperat'ure  of  the  water  circulating  within  the 
chamber,   bat   that   it   approximated  It   to  within   .1  degree.         When  the 
tenqperature  was  changed  from  26  degroes  to  24  de<jrees  at  9.43  o'clock,   the 
temperature  of  the  depression  cell  was  actually  the   same  as  that  of  the 
chamber,   and  the  change  was  effected   In  one   minute.  At   10.04  o'clock,    in 
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the   oo-ora*  of  th)*   sarm   teat,    the   tecqperatire  of  th*  depreenlon  oell 
remained  oonslstently  about    .2  of  a  decree  above   th£'t  of   the  ohirober   tec 
IC  mlnatea,   and  only  after  that   Interval  did  the  depreaalon  oell  become 
laotherraal  with  the  ohan.ber. 

F-orther  onalysin  of   the  tjraph  would   seem  superl'luous,   an  the   featiroa 
we  have  Jaat  described  are  repeated  for  other  changes  of  temperat'ore.         From 
repeated  tests,   the  following  points  regarding  the  relation  of  the   terqperat'ire 
in  the  chamber  to  that  in  the  depression  oell  were  eatablished:- 

(1)  V/hen  the  tenperature  of  the  water  flowing  through  the  Pfelffer 
ohamber  le>  changed,   the  ten^erature  in  the  depression  cell  responds  inxoediately. 

(2)  If  the   change   from  the   old  to  the  new  temperature  is  not  very  great, 
the  depression  cell  becomes  isothermal,   or  very  nearly   so,   within  a  time 
interval  of  less  than  1  minute. 

(3)  If  the  change  from  the  old  to  the  new  temperature  is  rather  great, 
and  the  new  ten5)erat'xre  is  considerably  different   from  room  temperature,   the 
tenroerature  of   the  depreaclon  cell  responds  pronptly,   but   still  a  difference 
of  plus  or  minus   •2  degree  may  be  maintained  for  quite  a  long  time,  perhaps 
for  10  mlnut-iB  —  the  sign  of  the  maintained  difference  being  dependent 
somewhat   on  the  prevailing  room  temperat'ore. 

(4)  rven  if   the  temperature  vrtiich  it   is  desired  to  maintain  is  considerably 
above   or  below  room  teraperatire,   the  cell  will   sooner  or   later  become   very  nearly 
isothermal  with  the  ohamber. 

(E)     Once   the  oell  has  assumed  the   teTiij:eriture  of   the   chamber,   or   his 
approximated  It  closely,   it   maintains  that  tetif^erature  fairly  constantly,  with 
•rocll  fluctuations,  however,  ^rtilch  may  vary  from  0  to   .5  degrees. 

It  must  be  added  that   the  value   of  our  experimental  data  la  not 
dependent  upon  the   accuraoy   of   these    statements,    for   the  reason   that    the   exaot 
temperature  was  assured  for  each  observation.         ireater  accuracy  could  easily 
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have  teen  obtained  by  this  method,  bat  It  wo'ild  have  been  uaeleBB,  as  It 
would  have  been  beyond  the  experimental  accuracy  aecored  In  other  detallt 
of  the  Investlijatlon. 

3.  ».eaa  iremeut  of  Jlroe 

As  the  Investigation  was  concerned  with  the  rate  of  locomotion  of 
amoeba,  a  reliable  method  of  measuring  time  was  important.    Djxing  the 
early  part  of  the  work,  an  Elgin  watch  was  ased  for  this  porpcse.    On 
account  of  its  small  size,  however,  it  was  found  difficult  to  read  the 
second  hand  accurately  in  a  room  that  was  almost  dark.    A  lar^e  Wizard 
Alarm  Clock  (Wizard  Clock  Company,  l^iew  York)  was  then  used.    The  second 
hand  of  this  clock  was  found  to  be  well  synchronized  with  the  minute  hand. 
It  was  found  that  the  second  hand  preceded  or  la^-ged  behind  the  minute  hand 
by  not  more  than  5  seconds  in  the  course  of  three  hours  and  hence  it  was 
thought  sufficiently  accurate  for  the  purpose  of  the  investigation.   The 
slight  amgle  from  which  the  clock  was  viewed  by  the  observer  from  his  position 
at  the  microscope  was  kept  constant,  to  obviate  the  errors  tnat  might  bs 
introduced  by  making  observations  a  few  seconds  too  early  or  too  late. 

4.  Measurement  of  the  Rate  Locomotion 

The  following  obvious  and  siiqjle  method  for  measuring  the  rate  of 
locomotion  was  adopted: 

a)  Jnder  the  camera  luclda,  drawings  were  made  of  the  posterior  end  of 
a  moving  amoeba  at  definite  time  intervals* 

b)  The  distance  between  these  successive  drawings  was  measured, 
o)  The  rate  per  minute  was  tiien  calculated. 

(a)  A  series  of  drawings  of  the  posterior  end  of  a  moving  amoeba  gives 
US  an  accurate  pictore  of  its  path.    In  Fi^.  E  are  shown  several  of  such 
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paths,   ohOBen  almont  at   rnrdom  from  the   reoorda  of   thlr  Investliratlon. 
(The  l.oman  noirerils   Ir  the   fi(f'ire  are   the  rmnbers  -^f   the   indlvid'xals  as 
thpy  appe   r   In   the  records.)  In   (!or".«  cases,   e.?.  A  and  K,   we  nay  find 

movenent  almost  directly  forward   In  the   sanae   direction.  In  others,   e.g. 

B,   G,   D,   the  path  Is  more   or   less  cirved.  In  other;  again,   e.5.   T., 

there   Is  reversal  of  direction  by  rather  a  "harp  t'orn  In  the  path.  In 

still  others,    there  may  be  complete  roversal  of  direction  by  malting  the 
anterior  end  the  posterior.         Path  H  will   show  the  condition  of  an  anlrral 
at  rest.  In  this  casa,   thf»  animal  waa  found   In  the   came  place  when 

observations  3,  4,   5  and  6  were  made.  Path  IT   shows  rather  a  sudden  tarv. 

in  the  forward  movement,   and  Path  J,   the  difference    -ire  may  meet  with  in  the 
oonfiTtiration  of  the  posterior  ond  during  successive   observations.  ALtiost 

all  of  the  paths  here  reproduced  show  considerable  variation  in  rate,    sonie  of 
them  of  decided  range.         It  Is  not  to  our  purpose  to  enter  Into  a  discussion 
of  this  point  hero,   but   the   tine   interval  betv.een  all  of  the  drawings   shown 
in  this  fle^jre  may  be  found  by  reference   to  the  records  of  these   individuals 
(See  Appendix) . 

The  drawings  were  all  made  upon  sheets  of  paper  of  uniform  pize, 
12,8  by  7.6  cm.         These   sheets  will  be  referred  to  as  record   sheets.       They 
were  changed  at   irregiilar   intervals  whenever   the   movement   of  the   individual 
onder  observation  brought   it   close   to   the  edge  of  ore  of  these  record  sheets, 
as   it  *va8  visible   under   the  camera,   or  whenever   It  becarje  necessary  ti  chan'^ 
the  field  of  the  microscope  while  following  a  given  individual. 

lb)     ij'or   the  purpose  of  naasurement,   the  drawlnj^a   in  each  path  were 
connected  by  a  line  which  would  more  ecciritely  define    the  actual  path.        A 
glance  at  Figure  5  will   show  how  this  was  done.  In  some   oases,   there  could 

be  no  doubt  about   the  points  that   should  be  connected  in  establishing  the 
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path,   e.g.   pathB  A,   S,    1,  H   lHjj.   5)   are  obvioue.  In  other  oases,   th'^re 

was   some   question  retarding  the  exact  points   through  whloh   the   line   shoiail 
be  drawn.         Path  K  Illustrates   sioh  a  case.  This  path  between  obserratlong 

31  and  36  might   have  been  nxide  practical  y  a   straight   line.         Generally, 
however,    such  dtffloultlep  did  not   Introduce  an  appreciable  error   into  the 
rreasurements,   as  the  difference  In  length  between  the  various  paths  that  !night 
have  been  drawn  and  the  one  actually  determined  upon,   £:moiuited  to   little  aiore 
than  two  or   three  tenths  of  a  millimeter. 

The  distances  between  the   Buocesrive   irawint-s  were  measurad  by  laying 
a  flexible   steel  tape   upon  the  path,   and  reading  off  the  Intervals  to   the 
nearest  half  mlllimster. 

(o)     r'inally,   the  apparent   rate  was  determined  by  dlTldiog  the  distsmce 
traversed  by  the   time   interval  elapsing  between  two   successive  drawings. 

These  values  gave  the  "apparent?*  rates  as  they  were  seen  on  the 
dra-JTing  board.  They  were  found  to  be  raa^ified  64  times.  They  were  not 

reduced  to  actual  rates,  however,   to  obviate  the  difficulties  incident  upon 
the  use  of  long  fractions.         In  the  following  pages,   therefore,  when  a 
given  rate   Is  mentioned,    it  mast  be  understood  that  we  are   spealdng  of  an 
apparent   rate,   and   thiit   the  real  rate   ray  be  found  by  dividing  the  apparent 
rate  by  64.         Thus,   a  rate   of  5  ran.  j^er  minute   is  really  an  actual  rate   cf 
.078  nm.   per  minute.         To  make   f'jrther  reference  to  this  natter  unnecessary, 
the  following  brief  table   is  appended  to  facilitate  comparison  of  apparent 
with  actual  rates   (See  Table  111). 
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TABLE     111 


Beduotlon  of  Apparent  Rates  to  Aotaal 
Rp-teo. 


Apparent  Rate  as  Projected 

by  Camera.  Actual  Rate 

Uffi.   per  Min.  Uni.   per  Min. 


1  .0166 

a  .031£ 

3  .0461 

4  .0624 
6  .0780 

6  .0936 

7  .1092 

5  .1248 
9  . 1394 

10  .1560 

11  -l^l? 

12  .1375 
la  .2028 

14  .2184 

15  .2340 

16  .2696 

17  .2652 

18  .2788 

19  .2954 

20  .3120 
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L» lugthod  of  iteoordin.-:  Keaulta 

The  results  of  the  observution  were  recorded  In  tables  In  which  the 
following  items  may  be  found  (See  Appendix): 

In  Column  1  are  leaorded  the  numbers  of  the  observation.   It  will 
be  fo'ond  that  for  the  most  part  they  are  successive.    For  the  saire  of 
saving  space,  however,  some  of  the  observations  were  dropped,  when,  for 
exai^ple,  some  doubt  arose  regarding  the  accuracy  of  an  observation,  or  wiien 
the  animal  remained  for  a  protracted  length  of  time  in  the  same  position. 
It  was  felt  to  be  useless  to  overburden  the  tables  with  these  details. 

In  Colucn  2  is  recorded  the  time  at  which  an  observ£.tion  was  made. 
Usually,  some  effort  was  made  to  make  these  observations  on  the  even  minute 
or  half  minute,  but  at  times  this  was  not  possible. 

In  Column  3  are  recorded  the  time  intervals  between  two  successive 
observations.    It  will  be  noted  that  whenever  a  record  sheet  was  changed 
or  a  new  starting  point  had  to  be  taken,  owing  to  an  accidental  shift  of  the 
Pfeiffer  stage  or  for  some  other  reason,  the  interval  is  entered  as  a  zero 
interval,  and  the  succeeding  observation  is  calculated  from  this  zero  tine. 
In  a  few  places,  zero  time  is  mentioned  in  the  last  column  among  the  remarks, 
especially  after  a  resting  period. 

In  Colujnn  4  are  entered  the  temperatures.    These  are  the  corrected 
ten^jerat'ures,  in  other  words,  the  temperatures  within  the  depression  cell 
of  the  sta.^Je,  as  found  by  the  methods  described  in  a  preceding  section. 
In  the  original  records  of  the  experiments,  there  v/ere  entered  in  three 
separate  columns,   la)   the  reading  of  the  thermometer,  giving  the 
temperature  within  the  chamber  of  the  Pfeiffer  stage;   lb)   the  deflection 
of  the  galvanometer  at  the  time  at  which  the  observation  was  made;  [a] 
the  tejqperature  of  the  thermometer  corrected  by  the  teraperature-difference- 
value  of  the  galvanometer  deflection.    It  would  have  been  useless  and  con- 
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fuBing,  however,  to  harden  the  tables  with  these  farther  details. 

In  Colunai  5,  the  distanoe  traversed  by  the  anlmfil  between  two 
saooesslve  obeervitlons  is  reoordsd.    In  this  case,  too,  zero  distanoe 
is  reonrded  vhsnevar,  for  reasons  already  mentioned,  a  record  sheet  was 
changed,  or  a  new  starting  point  was  talcon. 

In  Jolinr  6,  the  avf  ra^^  rate,  per  minute,  foond  by  dividing  the  value 
in  Col'ian  E  by  that  in  Coliunn  3,  Is  reoorded. 

In  the  last  coluntn,  details  of  manipulation  are  given,  chiefly  those 
pertaining  to  the  chants  in  the  record  sheets  and  to  changes  of  temferature. 
At  timas,  remarlrs  are  made  about  the  behavior  of  the  animal  under  observation, 
but  such  details  were  general  ly^  regarded  as  simply  b'irdening  the  tables  with 
irrelevant  natter  and,  consequently,  many  of  the  remarks  that  were  noted  in 
the  original  records  have  been  omitted. 
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6,     Oraphlo  llethod  for  Representing  Katea 

of    LoOQTOOtlQn 


Amoeba  shows   so  great   and   sn  fre<iaent     variations   In  the   rit«  of 
Its  loooraotlon  that   It   Is  diffloalt   to   forrc  an  adeq^aate  oonoeptioc  of 
Its  beharlor   from   i   series  of  flg-ares   such  as  oxo  given  In  the  rate- 
oolumn  of  the  performance  records.  It  was  thought  desirable,    therefore, 

to  represent   the  variations  In  rate  graphically.         iiocordingly,   a 
performance  graph  was  constructed  for   each  Individual.  Photostat  copies 

of  the  original  graphs  will  bo  found  in  the  appendix  to  this  dissertation. 
Each  of  these  copies  is   .6  of  the  size  of  the   original. 

The  graphs   are  all  drawn  In  the   same  manner  and  to   the   sane   scale. 
The  independent  variable,  tlnvo,  is  plotted  along  the  line  of  abscissas. 
In  the  originals,    2  mm.   along  this  lln«  represented  1  minute.         Along 
the   line   of  ordinates  are  plotted  both  temperature  and  the  rate   of 
locomotion.  This   arrangement  enables  one   to    see  at  a  glance   the 

influense  of  temperature  upon  the  rate   of  locomotion,   both,   at  the 
instant  when  the   tcTOeratore   is  changed  and  at  any  point  of  tirre   or  for 
any   tiire-perlod,   under  constant  temperature  conditions. 

The  temperature  is   shown  in  red  in  all  of  tho  graphs.  in  the 

original  graphs,    1  cm.   represented  1  degree,   but,   as  has  been  said,    tne 
scale  was  reduced  to   .6  of  the   original  in  the  reproductions. 

The  rate  per  minute   Is   shown  in  white   in  all  of  the  graphs.        In 
the  original  graphs,    1  cm.   represented  a  variation  of  »6  nn.    in  rate. 
The  rates  are  plotted  as  plateaus  rather   than  as  peaces,   as   it   Ic  much 
easier   In  thl a  way  to   see  at  a  glance  how  long  a  given  rate  was  maintained. 
These  plateaus  are  then  connected  by  vertical   lines  to  raaice  the  variations 
in  rate  n»re   obviois.  In  some  of  the  graphs,   breaks   in  the   series  of 
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oboftryatlons  are   indicated  by  brokec   linos,   bat   In  others,   the  Tarloae 
parts  of  the  ourvea  are   left  dlacontlnious  to  avoid  possible  oonfaslon. 
It  was  also   thou*dit  advisable  for   the  purpose  of   slmpllfyln^j  the  t^aphs 
to   Indicate  psrlods  of  rest  merely  by  writing  the  word  'liesf  on  the 
graph,    thaai   to  follow  the  more   logloal  procedure,   of  bringing:  the  ordinates 
down  to   the   line   of   eero  movement. 
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7.  Exolailon  of  i'aotors  lic3«pt  Tem^jerature , 
J/h  I  oh   Affpct  the  Rate  of  Laoorootlon  


The  rate  of  locomotion  In  amoeba  In  daterrained,  probably,  by  many 
factors.    Iuterne.1  factors,  such  as  a^e,  size  and  nutritional  condition, 
of  the  organism,  and  environmental  factors,  such  as  the  chemical 
oonstltatlon  of  the  medl am,  the  physical  density  of  the  medlin,  light 
conditions,  !«id  temperature,  mast  all  have  their  Influence  on  locomotor 
activity.    Some  effort  had  to  be  nade,  therefore,  to  eqaalice  the 
influence  of  all  of  these  factors,  except  that  of  temperature,  on  the 
Tarloas  Individuals  that  were  studied. 

a)  Age.   This  factor  could  not  be  controlled  satisfactorily. 
The  effort  to  keep  isolation  cult'ures  was  given  up,  as  this  method  of 
securing  material  was  found  to  be  too  uncertain.    It  is  probable, 
therefore,  that  individuals  of  very  varied  age  were  used  in  thie  Investiga- 
tion. 

b)  Size.  Size  aff'^cts  the  absolute  rate  of  an  Individual,  but 
it  may  be  doubted  whether  size  alone  affects  the  relative  rate,  i.e.  the 
ratio  of  two  rates  at  different  temperatures.  Considerable  effort  was 
made  to  secure  individuals  that  were  fairly  larje  and  as  uniform  in  size 
as  possible  —  at  least  in  their  appearance  in  the  optical  plane  of  the 
microscope. 

c)  Kutrltional  Conditions.    Our  treatmeut  of  nutritional 
conditions  ae  a  factor  affecting  the  rate  of  locomotion  has  already  been 
hinted  at  in  a  previous  paragraph.    The  fact  that  during  the  progress 

of  the  investigation  so  few  indlvid'ials  were  found  that  were  feeding  during 
their  resting  stages,  even  though  ab'ondant  food  i«ib  available,  is  taken  as 
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an  Indl nation  that  the  nutritional  oonditlon  of  the  amoebae  was  good, 
and  hence  this  factor  might  be  considered  as  fairly  well  oqualitad  In 
the  varloas  Indivlduale  that  were  studied. 

d)  Chemical  CopstltAtlon  of  the  lle^iW^'    Thi  e  was  controlled  hy 
treating  the  various  cultures  in  the  same  way,  by  aui^plying  eiiual  qoantitiea 
of  hay  and  sprint;  water,  &nd  by  exposing  them  to  the  saina  conditions  of 
temperature  and  atmospheric  environment. 

e)  Physical  Donsitv  of  the  Lledljpi.    It  was  found  to  be  liulte 
Impossible  to  remove  from  the  depreselon  cell  all  the  obstructions,  such 
as  plant  debris,  which  might  hinder  the  free  movement  of  the  amoebae. 
The  statement  will  be  found  rather  frequently  in  the  remark  column  of  the 
performance  records,  that  an  individual  "crawled  -under  debris".    All 
that  could  be  done  in  such  olrc.uDstances  was  to  wait  until  the  smimal 
should  emerge.    Considerabre  attention  was  given  to  accuracy  ir  this 
matter. 

f)  LJKht.    Light  intensity  and,  probably,  the  quality  of  the 
light  have  considerable  effect  upon  the  rate  of  locomotion.    The 
influence  of  this  factor  was  rendered  uniform  for  all  the  individuals  by 
working  In  a  darkened  room  that  was  illuminated  by  only  an  old-type, 
carbon-filament,  32  candle-power  bulb,  which  was  kept  at  the  same  distance, 
60  cm.,  and  at  the  same  angle  relative  to  the  mirror  of  the  microscope, 
during  all  the  experiments.    The  diaphragm  of  the  microscope  was  closed 
to  its  smallest  aperture  and  the  blue  ray  filter  was  inserted  In  the  sub- 
stage  throughout  the  whole  investigation.    V.'ith  this  attention  to  ll^ht 
conditions,  it  is  feit  that  all  the  individuals  experimented  upon  were 
subjected  to  the  same  11 ^ht  Influence. 
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6.     ThQ  Asaemblad  Apparatis. 

The  assembled  apparatus  as  described  In  the  preceding  sections  are 
shown  In  i'lg.   6,         The  letters  to  be   found  on  the  key-sheet  of  the  photogrupn 
signify, 

C,  Clock.  B,  Eeservoirs. 

D,  Drain  from  the  Warming  Sta^je.       S,  Warming  Statje. 

3,   lalvanometer,  T^,  Delivery  Tubes  with  Stop  Cocks. 

ii,  iiioroBCope  with  Camera  Lacida.     Tg,  Telescope  for  Reading  Galvanometer. 
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HiESEKTATIOM  OF  THE  DiiTA. 

Prefatory  hemarks. 

1.  The  General  Conclusions. 

2.  Division  of  the  Subject. 

Part   1. 

LOCOMOTIOM   OF  AllOEBA  AS  C01.3rAi;T   TELPSRjilLfcE. 
Part  II. 

LOGOUOTQE  uESPOKSE  OF  AiiOKBA  TO  CHAiiilliS   TEMPHlAlLEtE. 
Part  III. 

THE  iiILASl££  OF  TH1>.  OEPIICDELOE  OF  LOOOilOTIOU  Ot^   TBap]SATl££. 
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BiiiattKS  HlI^i^'ATQEY  TO  Tli£  ABSKIk'rATIOIl 
-  .      OF  THE 


1.  The  i^eneral  Conolaslons. 

A  brief  statement  of  the  jeneral  conclasiono  frort  this  invest Itjat Ion 
will,  probably,  be  of  asaiatance  in  following  the  trend  oi   t.rie  oata  aboit 
to  be  presented.    Saoh  a  suinmary  in  the  early  part  of  this  paper  is  the 
more  desirable,  as  the  impression  raay  easily  be  conveyed  that  it  Is  aseless 
to  forrr.alate  a  ,i^nera.l  statement  concernins;  the  dependence  of  locomotion 
on  tenperature,  owing  to  the  great  variations  in  the  rate  of  locomotion  of 
indlvldoal  amoebae  and  the  wide  divergencies  of  behavior  which  they 
exhibit.    So  marked  are  these  variations  in  certain  Individaals  that, 
from  a  stady  of  them,  one  might  be  lead  to  deny  any  relation  whatever 
between  rate  of  locomotion  and  teiqperatare.    Not  only  certain  Individoals 
at  different  temperatures,  bit  different  individuals  at  the  sane  temperature, 
as  well,  exhibit  this  great  variability.    A  study  of  the  average  rates 
of  locomotion  in  the  entire  mass  of  data,  however,  reveals  the  actual 
existence  of  a  dependence.    From  a  study  of  these  averages,  it  was  found, 
that, 

1)  The  rate  of  locomotion  of  amoeba  is  dependent  on  temperature. 

2)  The  rate  of  locomotion  increases  with  rising  ten^jerat'ure  from, 
approximately,  B  degrees,  the  ten^erature  at  which  no  movement 

was  observed,  to,  an  optimal  value  at,  approximately,  22.5  degrees. 

3)  Beyond  this  temperature,  the  rate  of  locomotion  decreases,  probably, 
to  the  lethal  point,  at  about  33  de.,Tee3. 

4)  The  dependence  of  the  rate  of  locomotion  on  tenperature  is  each 
that  for  averages  its  measure  can  be  expressed  as  a  tenperature 
coefficient,  in  the  van't  Hoff  sense,  of  between  E.4  and  1.89 
over  the  entire  range  of  temperatures  used  in  this  investigation. 
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2,  DlvlBlon  of  the  Salijeot. 

It  would  aeem  logloal  to  divide  our  sabjoct  In  auoh  a  wa/  &b  to 
■aljtantlat^  In  suooesslve  ohaptors  the  general  oonolasions  Just 
enunciated.    For  several  r?£''onB,  however,  this  oourso  was  not  followed, 
In  the  first  plaoe.  It  appeared  deslrihle  to  describe  at  sonw  length 
rarlois  phenomena  associated  with  locoicotlon  at  constant  tomperi-t-ir". 
Several  such  phfno?r*»ra  emerj^ed  from  this  Intensive  stud/  of  the  rate  of 
locomotion,  «uid  as  no  reference  to  them  has  been  fouid  Ir  the  llterat  ire 
they  will  be  treated  at  some  length.    Moreover,  before  we  discuss  *:he 
Inflaenoe  of  varying  temperafxre  on  rate  of  locomotion,  we  oxght  to  hive 
as  full  a  detrJled  'oiowled^  as  possible  of  the  locomotion  at  a  oonetant 
temperature,  and  of  the  changes  of  rate  th£.t  may  take  place  in  such  a 
constant  condition.    It  Is  for  these  reasons  that  we  have  divided  our 
subject  as  follcws: 

Part   I.  Locomotion  at  constsait  tonjjerat'are. 

Part  II.  Locomotor  response  to  changing  tenperature. 

Part  III.  The  rneas-aro  of  the  dependence  of  the  rate  of  looonotlon 
on  tenperat'ore. 


1 

4 
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A  E   'i' 


LOCOU)TI01i  OF  AOffiBA  AT  C0KSTAI;T  TS^IKATIBE 


1,     A  Tjrplcal  Perfarranca  Eeoord. 

8.     Some  ^'eat'ores  of  Lococotlon  at  Constant  lemiperat'ire. 

A.  Variability  ir  UatP. 

a)  Periods  of  Locomotion* 

b)  Periods  of  Rest. 

c)  •*Fa8f'  and  "oIovt"  IndlTld-oalB. 

B.  Types  of  Locomotion  Relative  to  Changes  of  Rate, 
a)  Loconootlon  at  'Jni form  Rate. 

h)     Locomotion  at  Suddenly  Accelerated  or  S'lddenly  Retarded  Iiate. 

c)  Loconotion  at  Gradually  Aocelerated  or  Gradually  Retarded 
Rate. 

d)  Locomotion  at  Alternately  Aocelerated  and  Retarded  Rate. 

C.  The  Rhythmic  Character  of  Locomotion. 

a)  The  Short-period  Rhythm. 

b)  The  Constancy  of  the  '!Ratio  of  Rates". 

c)  The  Long-period  Rhythm. 

3.   A  Discussion  of  Certain  Features  of  Locomotion  at  Constant  Ten^jerature. 


I 


1.     A  Ii.7>ICAL  PKlir3aUAKC£  B£CIX;D 

A  Bomewhat  detailed  desorlptlon  of   the   loooinotor  activity  of  an 
airoeba  at  oormtant  tenferaturo  may  provo  helpful  for   the  ready  underotandlng 
of  all  that   l3  to  follow.         We  have   nelected  Individual  XIX   for  the 
purpose   of   this  description,   not  only  because   this  individual  was  observed 
for   the  ooraparatlvely  long:  ;>erlod  of  two  ho-ars,   during  which  time  interval 
the  character' Stic  feat'ores  of  ita  looomtion  could  be  ascertained,  bat 
also  because  during  the  S'lrles  of  observations  on  this  particular  anlrsal 
certain  observational  difficulties  were  encountered,   a  description  of 
which  will  probably  not  be  without  value  fM*  the  further  reading  of  this 
paper.  The  perfornance  record   (Table  IV)   and  the  perforrnance  gpraoh 

(ilS..   7)    for  this  individual  are  here  inserted  for  th^  purpose  of 
rendorlng  the  description  more  intelligible.     —     it  nust  be  borne  in  olnd 
th^t  when  wo   spealc  of  rates  in  this   section,  we  n»an  the  rttes  as  viewed 
'onder  o'ir  optical    system,   sc.   under  a  magnification  of  64. 

Individual  Xll,  when  placed  Ir.  the  depression  cell  of  the  Pfelffer 
stage  at  9,50  A.il«,  became  attached  to  the  bottom  of  the  cell  alnoat 
Iniaediately  and  began  to  neve  pronftly.  The  therii-'Treter  in  the  chariber 

of  the   stage   at  this  time  registered   19.5  degrees  and  this  tenperature 
was  nalntalned  throu^out  the  two  hours  d'iring  »*ilch  this  series  of 
obsnrvations  was  mitde.  ihe  galvanometer,   hovever,    indicated  thst  the 

tenperature  in  the  dej-resslon  coll  fluctuated  slightly  between  limits  thjit 
were  well  within  half  a  degree  above  and  below  the  terrperat'ore  of  the 
oha-Tiber.         As  has  been  found  from  repeated  experimentation,   however, 
Amoeba  does  not  react   in  an  appreciable  wa^'  to   soch  fluctuations  wnan  tho 
provalllng  t«»nperat  ire  is  very  close  to  that  of  the  environment   ir  which 
the  ani-ml  had  been  Vept  for   ?ome  time.         As  IndlvHual  ^I   had  been  kept 
In  q  culture  at  a  room  tenperat'ore  of  abo'^'t  2*^  degree's,  we  nny  safely 
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TABLE     IV 
PUt^XS.lUNCE  RECXiD  OK  INDIVIDUAL  .UI 


Ko.    of 

Tirae 

Temperature 

Total 

hate 

Obeervatl on 

Time 

InterTal 

Degrees 

Listanoe 

\.n.   per          Remarks 

rir. 

G 

Urn. 

LUn. 

1 

9.65 

0 

19.6 

0 

0 

2 

9:56 

1 

M 

s 

8 

S 

9:57 

1 

•« 

4 

4 

4 

9j58 

1 

II 

8 

8 

6 

9:59 

1 

»♦ 

9 

9 

6 

10:00 

1 

f* 

11 

11 

7 

10:01 

1 

It 

9 

9 

6 

10:02 

1 

n 

9 

9 

AnlTial  under  debris 

9 

10:16 

0 

It 

0 

0 

liew  record   sheet 

10 

10;17 

1 

N 

7 

7 

11 

10:18 

1 

N 

3 

S 

12 

10:19 

1 

N 

8 

1 

13 

10:20 

1 

It 

4 

4 

14 

10:21 

1 

N 

8 

8 

15 

10:22 

1 

It 

8 

8 

16 

10:23 

1 

It 

11 

11 

17 

10:34 

0 

it 

0 

0 

Kew  record   sheet 

18 

10:26 

1 

It 

6 

6 

19 

10:26 

1 

It 

7 

7 

20 

10:  27 

1 

It 

9 

9 

21 

10:28 

1 

It 

4 

4 

22 

10:  29 

1 

N 

3 

3 

23 

10:30: 

05 

1.08 

It 

3 

7.4 

24 

10:31 

0.9 

H 

8 

8.8 

25 

10:32 

1 

It 

4 

4 

26 

10:33 

1 

It 

5 

5 

27 

10:36 

0 

It 

0 

0 

Interruption 
Kew  record   sheet 

28 

10:37: 

05 

1.08 

It 

4 

3.7 

29 

10:38: 

10 

1.08 

It 

6 

4.6 

30 

10:39 

0.93 

H 

7 

6.4 

81 

10:40: 

10 

1.16 

It 

7 

6 

32 

10:41 

0.83 

It 

7 

8.4 

38 

10:42 

1 

It 

8 

8 

34 

10:43 

1 

It 

10 

10 

35 

10:44 

1 

It 

6.6 

6.6 

36 

10:46 

1 

n 

9 

9 

Lest;   began  to  move, 
10:50 

38 

10:60 

0 

It 

0 

0 

Kew  record  sheet 

39 

10:61 

1 

It 

5 

6 

Animal  dro^ln^  debris 

40 

10:52 

1 

It 

3.6 

3.5 

n                          n                   n 

41 

10:63 

1 

It 

3.5 

3.E 

t                         n                    n 

42 

10:66 

0 

It 

0 

0 

Ko   observationc   n&de 

48 

10:66 

1 

N 

3 

3 

Animal   drai^gln^;  debris 

44 

il:07 

0 

N 

0 

0 

*.nimnl   anier  debris 

\   *  OU  i.O       •   •    I 
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No.    of 
Obnervatlon 


Time 


TlT* 

Interval 
llln. 


Tempwrrit'ire 

Degreed 

C 


Total 
Dl stanoe 

Mm. 


Eate 

lim.   per 
Uln. 


.  e  riiar  kca 


4& 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
6E 
66 
67 
68 
69 
70 
71 
72 
73 


11:11 

4 

11:16 

6 

11:21 

5 

11j23 

2 

11:25 

2 

11:27 

2 

11:29 

2 

11:30 

1 

11:31 

1 

11:32 

1 

11:32:30 

0 

11:33 

0.5 

11:34 

1 

11:35 

1 

11:36 

1 

11:38 

2 

11:40 

2 

11:42 

2 

11:43 

0 

11:45 

2 

11:47 

2 

11:60 

3 

11:52 

2 

11:53 

1 

11:55 

2 

11:57 

2 

11:59 

2 

12:01 

2 

19.5 

M 
It 

n 

N 

w 

N 

N 
N 
It 

n 
*i 
If 
It 
It 

M 

II 
It 
It 
II 
n 
It 

/* 
It 

It 

It 


6.6 

7.6 
9 
6 
7 

7.5 
10 
9 
6 

e 

0 
6 

9.5 
6 

4.6 

5.5 

6 
10 

0 
10 

9.5 

9 
16 

3 

6 

6 

6 

6 


1.6 
1.5 
1.8 
3 

3.5 
3.8 
6 
9 
5 
6 
0 
10 
9.5 
6 

4.5 
2.8 
2.5 
5 
0 
5 

4.8 
3 

7.5 
3 
3 
3 
3 
2.5 


Chanije  of  direction 


Hew  record  sheet 


Kew  record  sheet 
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aBiumo  that  the  slight  flootuatlona  In  ten^sratore  that  were  obierved 
in  the  oouree  of  this  experiment  had  little  effect  in  determining  the 
rate  of  locomotion. 

The  amoeba  was  measured  shortly  after  it  had  been  put  upon  the 
stage.    It  was  found  to  be  340'   in  length.    Its  anterior  end  was 
rather  pointed,  its  posterior  end  rather  broad  and  blunted,  and  its  sides 
were  rather  bulging.    It  soon  changed  in  shape,  however,  and  was 
gradually  ass'iming  an  elongated  mono-podal  shape  i^lch  is  characteristic 
of  amoebae  moving  at  a  high  rate.    At  this  time,  no  secondary  pseudopods 
were  being  formed. 

▲r  occasional  glance  at  the  performance  graph  (Fig.?)  will  enalle  the 
reader  to  follow  more  closely  the  changes  of  rate  which  we  are  now  about 
to  describe.    When  the  observations  began,  5  minutes  after  the  animal 
had  been  put  upon  the  stage,  the  amoeba  was  moving  at  a  rate  of  3  nn.  per 
minute.    During  the  next  four  minutes,  this  rate  increased  grad'jAlly 
to  4,  5,  8,  and  9  nn*  per  minute,  and  during  the  fifth  minute  the  rate 
reached  a  maximum  value  of  11  did,  per  minute.    The  rate  then  decreased, 
the  animal  moving  at  a  rate  of  9  nn.  per  minute  for  the  next  two  minutes. 

The  amoeba  now  encountered  a  mass  of  plant  debris,  crawled  under  it 
and  was  lost  to  view  from  10:02  to  10:16  A.LL    Vhen  it  emerged  from  the 
debris,  its  direction  of  movement  was  Inclined  at  an  angle  of  about 
46  degrees  to  its  previous  direction.    As  may  be  seen  from  the  graph, 
there  now  followed,  for  17  minutes  from  10:16  to  10:33  A.m.,  a  series  of 
alternate  8u:oeleratlons  and  retardations  of  rate,  soma  of  then  sudden, 
others  more  gradual.    In  one  of  these  auoelerations,  the  rate  again 
reached  its  previous  maximum  of  11  mn.  per  minute,  but  this  high  maximum 
was  followed  by  a  gradual  dimunution  in  the  magnitude  of  the  ausceleratlons. 
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The  mlnlnura  rate  during  this  period  did  not  fall  below  the  prevlom 
mlnlnuffl  of  3  ran.  per  minute. 

At  10:33  A..M. ,  some  manlpalatlon  of  the  reservoirs  became  necessary 
and  the  record  sheet  had  to  be  changed,  these  operations  consaming  three 
minutes. 

When  the  observations  were  reeomed,  the  amoeba  was  moving  at  a 
rate  of  3.7  mm.  per  minute*    Another  series  of  successive  alternations 
and  retardations  now  ensued,  the  rates  being  determined  every  minute  for 
6  minutes.    'xhe  maximum  rate  attained  during  this  interval  was  one  of 
IC  mm.  per  minute.    A  glance  at  the  graph  will,  in  fact,  suggest  a 
gradual  slowing  down  of  the  rate.    This  phenomenon,  as  well  as  others 
which  have  been  mentioned  in  this  description,  will  be  discussed  below. 

Between  the  rates  of  6  and  10  mn.  per  minute  (see  graph),  while 
the  animal  was  moving  at  a  rather  high  rate  of  6.4  and  8  mm.  per  minute, 
the  direction  of  movement  changed  through  an  angle  of  almost  90  degrees, 
and  a  "lunge**  forward  took  place  almost  as  soon  as  the  animal  had  assumed 
the  new  direction.    This  instance  effectively  contradicts  an  in?)ression 
that  may  be  formed  from  constant  observation  of  Amoeba,  that  changes  in 
rate  seem  to  be  correlated  in  some  way  with  changes  of  dlrootion,  and  that 
the  animal  miist  necessarily  slow  down  while  It  pursues  a  curved  path  and 
accelerates  its  rate  when  it  is  moving  straight  forward. 

During  the  next  five  minutes,  the  amoeba  rested,  contracting  to 
almost  half  its  former  greatest  length,  namely  to  1^0   .    V/hen  it 
resumed  its  locomotor  activity  at  a  rate  of  6  nm.  per  minute,  it  was 
dx&iging   some  plsint  debris,  auad  Its  rate  was  slowed  down  to  3.6  ran.   per 
minute  for  two  minutes.    It  was  again  lost  sight  of  for  10  minutes  under 
a  mass  of  plant  debris. 
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When  It  re-en»rged  from  the  debris,  tho  amoeba  aln»st  retraced 
its  former  path,  and  oontinaed  in  the  new  direction  aimg  a  path  that 
was  slightly  sinuous,  for  the  rest  of  the  time  during  which  It  was  under 
observation.    At  first  its  rate  was  rather  slow,  being  only  1,6  ran.  for 
four  minutes,  then  1,5  nun.  for  five  minutes  and  then  1.8  mm.  for  the  next 
five  minutes.    Then,  however,  a  period  of  gradual  accelerations  began, 
as  1b  clearly  shown  by  the  performance  graph.    The  rate  began  to  "cllir.b" 
at  first  to  3,  then  to  3.5,  then  to  3.8,  then  to  5  and  finally  to  9  ma. 
per  minute.    A  retardation  followed  In  which  the  animal  was  moving  at 
a  rate  of  5  nm,  per  minute,  and  this  in  turn  was  followed  by  a  rather 
sudden  "lunge",  during  which  a  maximum  of  10  mm.  per  minute  was  attained. 
The  rate  now  decreased  gradually,  being  successively,  9.5,  6,  4.5,  2,8  and 
2,5  ram.  per  minute.    The  graph  shows  that  this  succession  of  rates  itist 
be  interpreted  as  another  "wave"  In  the  locomotion,  a  gradual  increase  to 
a  maximum,  and  a  corresponding  decrease  to  a  mininum  of  rate.    Again, 
there  was  a  rapid  acceleration  during  which  the  amoeba  sustained  a  rate 
of  5  nm.  during  five  minutes,  and  this  period  of  uniform  motion  was  followed 
by  a  slight  fall  in  rate  to  4.8  mm.  per  minute  and  a  greater  one  to  3  cm. 
per  minute,  but  all  this  was  preparatory  to  a  "spurt"  during  which  the 
amoeba  reached  a  rate  of  7.5  mm.  and  sustained  It  for  two  minutes.   During 
the  next  7  minutes  a  uniform  rate  of  7.5  ram.  per  minute  was  kept,  and  when 
the  series  of  observations  was  discontinued,  the  amoeba  was  moving  at  a 
rate  of  2.5  ram,  per  minute. 

This  account  of  the  locomotor  activity  of  sm  amoeba  during  a  period 
of  somewhat  more  than  2  hours  may  be  considered  fairly  typical  of  the  activity 
of  all  the  other  individuals  that  have  been  studied.   fly  coiqjarlng  the  per- 
formance records  and  graph  of  Individual  Ul   with  those  of  the  other  Indi vidua 
(see  Appendix),  It  will  be  seen  that  some  of  the  amoeba  rested  for  a 
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longer  time,  others  were  active  for  a  longer  time;  that  some  attained 
raich  higher  rates,  others  moved  at  lower  rates;  that  ohanges  of  rate  were 
more  sudden  in  some  cases,  in  others  mooh  less  so.    In  general,  however, 
a  ooiqparatlTe  study  of  the  graphs  will  eiq)hasize  three  features  of  locomotor 
activity,  which  we  are  now  to  treat  of  at  a  greater  length, 

A.  Varlal)llity  in  the  rate  of  locomotion  at  constant  temperature. 

B.  The  various  types  of  locomotion  relative  to  change  of  rate. 

C.  The  rhythmic  character  of  locomotion. 
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2.     90L£  F£A.TUa£S  Ok'  LOCOU}TIOU 
at 

SOLai'^T  TaiPHii>.TLti.£ 


A.   ViiwIABILIT^r  I£  KAIE 


a)   Variability  of  Kate  Daring  Periods 
of  Locomotion. 


The  description  we  have  just  given  of  the  behavior  of  Individual 
XII  at  oonstant  temperature  Illustrates,  first,  the  variability  of  the 
rates  of  locoraotlon.  —  The  relation  of  tenyerature  to  the  rate  of 
locomotion  cannot  be  thought  of  in  the  sense  that  temperature  determines 
absolutely  at  vrtiat  rate  an  amoeba  must  progress.    Tenqperature  may  fix  a 
maximum  rate  which  nay  not  be  exceeded  by  an  individual  at  that  particular 
tenfieratiire,  bat  below  this  maximum.  Amoeba  may  move  at  various  rates. 
This  will  become  abundantly  clear  from  even  a  casual  inspection  of  the 
performance  records.    ii/e  have  seen  that  Individual  XII  did  not  exceed 
a  rate  of  11  rarr.  per  minute  at  a  ten^erature  of  19.5  degrees,  but,  between 
that  maximum  rate  and  con5)lete  rest,  the  animal  assumed  about  25  other 
rates,  some  sustained  for  a  short  period,  others  for  a  lengthy  period. 
To  choose  another  exan^jle  at  random.  Individual  aLIV,  in  the  20  minutes 
during  which  it  was  kept  at  18  degrees,  was  moving  at  rates  of  3,  7,  7.5, 
4.5,  3.5,  1.5,  2,  6.5  and  1  mu.  per  minute,  in  9  successive  minutes. 
The  saiie  fact  iray  be  illustrated  by  a  comparison  of  the  rates  of  locomotion 
of  different  individuals,  ail  at  the  same  temperature.    Table  V,  excerpted 
from  the  records,  enables  us  to  maite  such  a  cursory  coni)arison.    The 
table  shows  the  maximal,  the  minimal  and  the  avera=;e  rates  of  loco-notion 
of  eight  Individuals  all  at  20  degrees,  in  columns  3,  4  and  6  respectively. 
Column  1  gives  the  designation  of  the  individual.   Column  2  Is  Inserted 
to  give  some  idea  of  the  len,jth  of  tine   during  which  such  variations 

in  water  nay  occur,  and  in  Column  6  Is  given  the  number  of 
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TABLE     V 


Different  Ratec   of  Locomotion 

of 
Several  Amoatiae  at  20  De/creee 


12  3                              4                                6  1 

Duration  of  Uaxlmom  Bate  Ulnimom  Kate  Average  Bate  Sozober  of 

Individual       Oboervation  per  lilnute  per  Minute  per  Minute  Different 

Min.  Vjn.                          Mm.                            Ml:.  Eates 


ZIII 

63 

5.5 

0.7 

2.35 

1£ 

XIV 

30 

2.25 

0.5 

1.25 

8 

X7I 

48 

14.0 

0.5 

2.09 

17 

XX 

84 

8.5 

0.8 

2.46 

16 

£a 

31 

13.0 

1.5 

6.33 

16 

XXXIII 

30 

5.0 

1.5 

3.46 

6 

XXX7I 

33 

14.0 

5.0 

7,40 

11 

XLIII 

33 

10.0 

1.0 

3.60 

U 
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dlfferent  rates  whloh  were  found  to  lie  between  the  maximal  and  the  minimal 
rate.    Thus,  for  example.  Individual  XIII,  during  the  period  of  63  minutea 
during  which  it  was  observed  at  a  tenyieratare  of  20  degrees,  moved  for  a 
time  with  a  maximum  rate  of  5.5  and  a  minimum  rnte  of  0.7  ram.  per  minute. 
Between  these  maximal  and  minimal  rates,  13  other  rates  were  definitely 
measured,  namely  rates  of  0.8,  1.0,  1.3,  1.5,  2,0,  2.4,  3,0,  3.5,  4.0,  4.3, 
4.5,  5.0  and  5.5  nn.  per  minute.    A  reference  to  the  performance  graphs 
of  these  particular  individuals  will  lend  emphasis  to  this  feature  of 
behavior. 

It  will  be  seen  from  the  table,  that  the  maximal  rates  attained  at 
20  degrees  varied  between  14.0  and  2.25  mm.  per  minute,  the  minimal  rates, 
between  5.0  and  0.5  nn.  per  minute,  and  the  average  rates  d'Aring  the 
periods  of  observation,  between  7.4  and  1.25  mm.  per  minute.  In  these 
eight  individuals.    In  selecting  them,  no  effort  was  made  to  present 
extreme  examples. 

The  conclusions  seem  justified  that, 

(1)  there  is  no  fixed  rate  at  which  an  individual  must  move  at  a 
given  ten^ierature , 

(2)  at  the  same  temperature,  different  individuals  may  move  with 
decidedly  different  maximal,  average  and  minimal  rates. 
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b)   Variability  of  the  Length 
of  the 
Hosting  Periods. 


Closely  asBoolated  with  the  feature  of  looomotor  beharlor  now 
being  dlsoussed.  Is  the  length  of  the  resting  periods.    The  all  but 
oeaseless  looomotor  activity  of  most  of  the  amoebae  that  were  studied.  Is 
one  of  the  most  striking  oharaoterlstlos  In  the  behavior  of  this  organism. 
In  some  of  the  series  of  observations,  an  individual  was  followed  for  as 
long  as  four  hours,  and  in  that  length  of  tlnae  the  resting  periods  ail 
added  together,  amounted  to  little  more  than  20  minutes.    In  oome  of 
these  cases,  the  animal  was  subjected  to  various  ten^eratures,  and  it  is 
possible  that  the  stimulation  imparted  by  this  change  of  external  condition 
shortened  the  periods  of  rest.    But  in  other  cases  in  which  the  amoeba  was 
followed  for  two  hours  at  constant  ten^ierature,  the  periods  of  rest  were  no 
less  surprisingly  short.    The  extent  of  variation  of  the  length  of  the 
resting  period,  as  well  as  its  independence  of  temperature,  may  be 
illustrated  by  a  few  instances  chosen  at  random.    Table  VI  gives  a  few  of 
such  instances. 

The  meaning  of  the  table  is  probably  obvious.    In  the  first  column 
is  given  the  designation  of  the  individual  amoeba.    Column  2  gives  the 
duration  of  the  observation  at  the  stated  constant  temperature.    Column  3 
gives  the  ten^erature  at  which  the  observations  were  made.    Col<imn  4  gives 
the  duration  of  the  periods  of  locomotion,  all  added  together.    Column  5 
gives  the  duration  of  the  periods  of  rest  all  added  together.    Column  6 
gives  the  relation  in  percent  of  the  duration  of  rest  to  the  total  duration 
of  the  observations. 

It  will  be  seen  that  these  four  individuals  were  observed  for  a 
sufficiently  long  period  of  time  to  give  one  a  fair  loiowledge  of  their 
locomotor  behavior.    Loreover,  the  data  is  presented  for  four  different 
temperatures,  namely  for  18,  19.5,  20  and  25  degrees.    In  three  oases 
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TABLE     VI 

D'oratlon  of  the  Poriod,B  of  Keet 


Duration  of  D-oratlon  Duration           Rest  Period 

Individual     Observation  Tenperature  of                  of                          % 

at  given  De^rseB  Movement        Rest               of  Duration 

Temperature  C  Win.             Lin,  of  Observation 


L 

45.5 

le 

4E 

3.6 

7.7 

XII 

92,9 

19.6 

88.9 

6 

6.4 

XX 

90.5 

30 

52.5 

28 

34.8 

X^I 

57.5 

26 

55.6 

2 

3.6 
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the  periods  of  rest  were  extremely  brief,   only  3*6,   5.4  acd  7.7  '/o  of 
the   total  duration  of  the  observatlono,  while   In  the  fo'orth,   the  anlraal 
was  resting  daring  34.8/l>  of  the  tiine  during  which  It  was  under   observa- 
tion. 

In  general: 

(1)  The  resting  periods  In  Amoeba  were  found  to  be  extreicely  brief. 

(2)  At  tliaes,  an  individual  shows  little  locomotor  aotlvity  during 
long  periods  of  time. 

(3)  Amoeba  may  rest  for  a  prolonged  period  at  almost  any  tes^eratore. 

(4)  Amoeba  Is  more  likely  to  rest  when  the  temperature  is  low  than 
when  it  is  high;  unless  the  high  teiq>erature  exceed  the 
physiological  optimum,  when  the  periods  of  rest  may  be  prolonged. 
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o)   ••Past"  and  "Slow"  IndlvldualB. 

Despite  all  that  we  have  said  about  the  variation  In  the  length 
of  the  periods  of  locomotor  activity  and  of  rest.  It  still  remains  true 
that  different  Individuals  manifest  consistently  a  characteristic  which 
might  enable  us  to  classify  them  as  "slow"  or  "fast".    These 
designations  characterize  not  merely  their  comparative  rates,  but  also 
their  periods  of  activity  and  Inactivity  In  locomotion.    It  would  be 
difficult  to  present  In  condensed  form  data  which  would  substantiate  this 
statement.    Table  VII  will  eiq>hasize  the  contrast.    All  the 
Individuals  listed  in  this  table  were  obterved  at  20  de^ees.    The 
designation  of  the  individual  is  given  in  Column  1,  the  range  of  rates 
at  which  the  animal  moved  is  given  in  Column  2,  find  the  average  rate  of 
locomotion  during  the  period  during  which  the  animal  was  under  observation, 
is  given  In  Column  3.    Individual  XIV  with  an  average  rate  of  only  1.24 
mm.  per  minute  might  be  characterized  ae  "slow",  while  Individual  XXIV, 
with  an  average  rate  of  9.5  mm.  per  minute,  is  decidedly  "fast**. 

The  fact,  however,  that  an  animal  moves  slowly  or  rapidly  at  one 
tetz^erature  does  not  imply  that  it  exhibits  the  same  charsMteristio  at 
another  ten^erature.    Table  VIII  Illustrates  the  point.    In  this 
table  the  rates  of  four  individuals  at  10  and  20  degrees  are  compared. 
Individual  XIV  which  moved  at  a  slow  average  rate  of  1.24  mn.  per  minute 
at  20  degrees  moved  with  a  cofrespondlngly  slow  rate  of  0.60  tun.  per 
minute  at  10  degrees.    Individual  VI  maintained  rates  at  these  two 
temperatures  which  must  be  considered  fast.    But  Individual  XVI  which 
moved  at  a  slow  rate  at  20  degrees,  moved  at  almost  the  same  rate  at 
10  degrees,  and  a  rate  of  2.00  mm.  per  minute  must  be  considered  fast 
for  this  low  teiqperature. 
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TABLE     VII 


"Fast"   and  "Slow  Indlvlduali. 
At  CO  Deg^rees. 


Individual 


Kaoge  of  Rates 
Mm.   per  Hin. 


Aversige  Bate 
iim,  per  Uin. 


XIII 

0.7  -  6.5 

XIV 

0.5  -  2.3 

XXIY 

2,0  -  16.0 

XXXVI 

4.0  -  14.0 

2.36 
1.24 
9.5 
7.6 


TABLE     VIII 

••Fast"  and  "Slow  Individuals. 
At  10  and  20  Degrees. 


Individual 


Average  Bate 


At  20  Degrees 


At   10  DetrreeB 


XIV 

XVI 

V 

VI 


1.24 

2.40 

8.20 

10.60 


0.60 
2,00 
1.60 
1.34 
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Seneral  Conoluslon  Regarding  the  Variability  In  Rate 
of  Amoeba,  at  Conetant 
Tenperaturo. 


From  all  that  hae  been  said  under  this  heading.  It  will  be  clear 
that  amoeba  shows  a  marked  variability  In  Its  rate  of  locomotion  under 
conditions  not  only  of  changing  but  also  of  oonEtsnt  temperature. 
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B.   TYPES  Oh'   LOGOMOTIOK  KIIJL2IVK  TO  HATE 

A  second  foatore  of  the  looomotor  activity  of  Amoeba,  which 
becomes  apparent  fron:  3  comparative  study  of  the  performance  gjraphs,  Ib 
the  variation  In  the  relation  to  each  other  of  suocesslve  rates.    Amoeba 
nay  progrees, 

a)   at  a  uniform  rate; 

to)   at  a  suddenly  accelerated  or  suddenly  retarded  rate; 

o)  at  a  greidually  accelerated  or  gradually  retarded  rate; 

d)   at  a  rate  which  is  alternately  accelerated  and  retarded. 

a)  Locomotion  at  Uniform  Rate. 

Individual  ill,  the  behavior  of  which  at  constant  temperat'ore  has 
been  described  at  length,  (p.  42  )  affords  an  illustration  of  this  mode 
of  looomotor  activity,    from  11:52  to  11:59  this  amoeba  moved  at  a 
uniform  rate  of  3  nm.  per  minute,  (i'igs.  7  and  8a).        During  this 
time  interval,  four  observations  were  made,  at  11:53,  11:55,  11:57  and 
at  11:59  o'clock  and  each  observation  showed  that  the  rate  had  remained 
constant.    This  uniform  rate  was,  therefore,  sustained  for  7  minutes. 

Such  a  uniform  rate  of  locomotion  is  comparatively  rare.    It 

occurs  in  some  individuals,  however.    Thus  Individual  XXVI  (Fig,  6,b) 

sustainel  a  uniform  rate  of  5  mm.  for  3  minutes,  from  1:17  to  1:20  o'clock, 

and,  again,  for  4  minutes  from  1:42  to  1:46  o'clock,  the  observations 

having  all  been  taken  at  minute  intervals,    A  uniform  rate  of  locomotion  is 

never  sustained  for  very  long,  however,  the  period  of  7  minutes  in  the 

case  of  Individual  Xll  being  the  longest  one  on  record. 

In  making  these  statements  regarding  uniform  locomotion  in  Amoeba, 

we  must  not  overlook  the  fact  that  our  method  of  observation  may  be  faulty. 
Insofar  as  the  detection  of  very  ali?;ht  flactoatlons  is  concerned. 
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If  mlnlnal  fluotaation  In  rate  ocoor  with  ^eat«r  freqaency  than  the 
fraiiaonoy  of  o'xr   obaervation,  they  will  eaoape  notice.    There  1b,  in 
fact,  florae  evidence  that  aooh  very  sudden,  thou^  alight,  variatione  in 
rate  do  oocur. 

When  an  amoeba  is  moving  very  slowly,  it  was  found  to  be  necessary 
to  allow  a  time  interval  of  more  than  one  minute  to  elapse  between 
observations.    For  locomotion  may,  at  times,  be  so  greatly  retsirded, 
that,  under  the  ma^lflcation  employed  In  this  investigation,  the  animal 
may  seem  to  be  at  rest,  ?ive  or  even  ten  minutes  were,  therefore,  allowed 
to  elapse  between  successive  observations,  as  otherwise  the  drawings  that 
were  made  to  establish  the  path  of  the  amoeba  would  have  been  so  crowded 
that  no  accuracy  of  measurement  could  have  been  secured.    Individual  XiCXV 
(Fig.  8,c)  illustrates  the  point.    An  observation  was  made  on  this 
individual  at  2:0C  o'clock  while  the  temperature  was  9*5  degrees,  and 
nine  minutes  were  allowed  to  elapse  between  this  and  the  next  observation. 
During  this  time  interval  the  animal  had  moved  a  distance  of  3.5  nm. ,  at 
a  rate,  therefore,  of  .4  mm.  per  minute.    This  rate  might  have  been 
uniform  but  it  Is  quite  probable  that  slight  fluctuations  occurred  that 
were  not  detected.    In  the  records,  therefore,  this  individual  is 
described  as  having  shown  a  uniform  rate  for  9  minutes,  but  only  because 
the  average  rate  for  9  minutes  was  determined.    In  the  case  of 
Individuals  211  and  XXVI,  we  are  much  more  sure  of  the  uniformity  of  the 
rate  sustained  during  the  time  interval  stated,  as  the  observations  were 
taken  with  mioh   greater  frequency. 

Our  conclusions  regarding  locomotion  at  luilform  rate  are  not  based 
upon  oases  like  that  of  Individual  XXXV,  but  only  upon  those  In  which 
observations  were  taken  at  one-minute,  or  at  most,  two-minute  Intervals. 
In  general,  therefore. 


I 
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a)  Amoeba  may  move  at  a  uniform  rate  of  locomotion  at  any  temperature. 

b)  Suoh  a  rate  of  locomotion  is  not  long  sustained,  not  longer  than 
from  5  to  7  minutes  in  exceptional  oases,  but  ordinarily,  not  longer  than 
from  2  to  3  minutes. 

o)  Moderate  or  low  rates  of  movement  are  more  likely  to  be  sustained 
uniformly  for  ceveral  minutes  than  are  high  rates. 

d)  Amoeba  moves  at  a  uniform  rate  more  frequently  at  lower  than  at 
higher  temperatures.    In  no  case  was  a  'oniform  rate  sustained  for  longer 
than  3  minutes  in  temperat'ores  higher  than  19.5  degrees*    Soma 
Individuals  moved  at  a  uniform  rate  for  2  minutes  in  temperatures  as  high 
as  26  degrees. 


-■-vi .' 
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b)  Looomotlon  at  Suddenly  Accelerated 

or 
Suddenly  Retarded  Rates  (Fig. 9) . 

A  fiurther  smalyeis  of  the  behavior  of  Individual  XII  will  show 
that  Amoeba  nay  move  at  rates  that  ohange  with  vwry  gnreat  rapidity.   A 
change  of  4  or  more  mm.  per  minute  in  its  rate  occurred  on  5  occasions 
during  one-minute  intervals,  while  a  retardation  of  4  or  more  mm.  per 
minute  occurred  on  6  occasions  during  one-minute  Intervals.    The 
greatest  acceleration  occorred  between  observations  67  and  68,  a  change 
from  3  to  7*5  nn.  per  minute,  a  change,  therefore,  in  rate  of  4.5  mm. 
(Fig.  9,a).    The  greatest  retardation  occurred  between  observations 
20  and  21,  a  change  from  9  to  4  nn.  per  minute;  a  change,  therefore,  in 
rate  of  5  mm.  (Fig.  9,b).    Within  two  successive  minutes,  an  amoeba  may 
more  than  double  its  rate,  or  it  may  reduce  it  by  more  than  one  half. 

Selecting  at  random  other  instances  of  the  same  phenomenon. 
Individual  XIX  changed  from  a  rate  of  Z   mm.  to  one  of  9  ram.  (Fig.  9,o), 
and  again  from  6.5  nn.  to  2  mm.  (Fig.  9,d)  in  two  successive  minutes. 
Again,  in  two  successive  minutes.  Individual  X7  changed  from  a  rate  of 
6  to  one  of  1.6  mn.  and  from  1.6  to  6.5  mm.  (Fig.  9,e).    Individ'oal 
XVIII  changed  from  9  to  5.  mn.  (Fig,  9,f),  and  from  7  to  2  mm.  (Fig,  9,g); 
Individual  XaI  from  3.5  to  10  (Fig.  9,h)  and  from  9  to  2,5  nn.  (Fig.  9,1). 
The  greatest  sudden  aooeleratlon  that  was  observed  occurs  in  the  records 
for  Individual  XXXI,  a  change  from  3.6  to  17.5  mm.  (Fig.  9,j);  while  the 
greatest  sudden  retardation  is  found  in  the  records  for  Individual  LIII, 
a  change  from  13.5  to  4.25  nc.  (Fig.  9,k). 

We  may  conclude,  therefore, 

1)  The  rate  of  locomotion  of  Amoeba  nay  change  very  rapidly. 

2)  The  rate  of  locomotion  may  increase  five-fold,  or  decrease  by  more 
than  one  third,  in  two  successive  minutes. 
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3)  Such  extr«me  ohanges  are  comparatively  rare,  howerer,  while  a 
doubled  rate,  or  a  rate  reduced  by  one  half  ocoure  with  oomparatlve 
frequency. 

4)  Smaller  ohangee  In  rate  during  two  auccesslve  mlnates  must  be 
considered  a  feature  of  the  norical  behavior  of  the  amoeba. 
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o)  Looonnotion  at  Gradually  Aoo«lerated 

or 
Oradually  Retarded  Uates  (Fig. 10). 

Another  rather  frequent  method  of  chaiujlng  the  rate  of  locomotion 
Is  found  In  Amoeba,    The  rate  may  be  gradually  accelerated  or  gradually 
retarded.    It   Is  highly  probable  that  In  the  animal  Itself  this  procesi 
takes  place  continuously,  that  Is,  as  a  uniformly  accelerated  motion,  but 
as  It  Is  manifested  to  an  observer  who  measures  the  rate  of  locomotion  from 
minute  to  minute,  the  process  seems  discontinuous.    IVhen  plotted,  such 
a  mode  of  locomotion  appears  as  a  "stair-case"  graph.    The  "stalr-oase" 
may  be  upward.  If  the  acceleration  only  is  graidual;  or  downward.  If  the 
retardation  only  Is  gradual;  or  double.  If  both  the  acceleration  and  the 
retardation  are  gradual. 

Individual  All (Fig.  10, a)  furnishes  an  Illustration  of  a  single, 
upward  "stair-case".    From  11:11  to  11;16  o'clock,  the  animal  was  moving 
at  a  rate  of  1.5  mm.  per  minute.    During  the  next  five  minutes ,  the 
rate  Increased  to  1.8  nxn.    During  the  ensuing  2  minutes  the  amoeba  moved 
at  a  rate  of  3  mm.  per  minute,  then  at  rates  of  3.5,  3.6  and  5  mm.  per 
minute,  each  sustained  for  2  Tidnutes,    From  11:29  to  11:30  it  moved  at 
a  rate  of  9   mm.  per  minute.    It  took  17  minutes,  therefore,  to  change 
the  rate  of  locomotion  from  1.5  to  9  mm.  per  minute,  and  during  that  time 
interval  there  was  continuous  acceleration,  In  the  course  of  which  6  dif- 
ferent rates  were  observed  and  measured.    The  essential  point  to  be 
noted  in  this  node  of  behavior  is  the  gradual  upward  or  downward  change 
of  rate,  without  an  intervening  retardation  In  the  case  of  a  gradual 
acceleration,  or  an  intervening  acceleration  In  the  case  of  retardation. 

Other  individuals  manifested  this  mode  of  behavior  rather  frequently. 
Individual  I,  (Fig.  10, b)  took  15  minutes  to  change  from  a  rate  of  .2  to 


-64- 

on«  of  4  mm.  per  minute  with  4  Intervening^  rates,  and  a>^aln  during  8 
minutes.  It  retarded  Ite  rate  from  4  to  1.7  ram.  per  minute  with  3  inter- 
vening ratee.    Individual  AAXVlll  (Fig.  10, o)  toolc  12  minutes  to  chan^je 
from  a  rate  of  1.5  to  one  of  4  nm.  with  5  intervening,  gradually 
accelerating  rates.    Similarly,  Individual  XXVI  (Fig.  10, d)  changed 
its  rate  frcm  3  to  .3  mm.  per  minute,  with  5  Intervening,  gradually 
retarding  rates.    Individual  iXXVIII  (Fig,  10, c),  moreover,  furnished 
an  excellent  illustration  of  a  double  "stair-case".    Instances  of  this 
phenomenon  might  be  multiplied  but  they  may  easily  be  found  from  a  brief 
inspection  of  the  tables  and  graphs. 

This  mode  of  behavior,  moreover,  is  not  characteristic  of  any 
particular  ten5)erature.    Indlvidaal  I  manifested  the  behavior  just 
described  at  9  degrees;  Individual  XXXVIIl  at  9.5  degrees;  Individual  iVII, 
at  15  degrees;  Irdlvlduu.1  XJLVI,  at  19  degrees;  Individual  Jil ,  at  23  degrees. 
Ho  clear  cases  of  this  phenomenon,  however,  are  found  at  the  higher  decrees, 
so.  at  those  above  23  de^^rees. 

Amoeba  may,  therefore, 

(1)  Gradually  accelerate  or  retard  its  rate,  the  chan/je  from  one  rate 
to  another  talcing  place  very  slowly. 

(2)  As  long  an  interval  as  19  minutes  may  be  necessary  to  effect  a 
change  of  only  1.9  mm.  in  acceleration,  or  of  only  2.7  ram.  in  retardation. 

(3)  This  mode  of  changing  its  rate  of  locomotion  may  take  place  at 
amy  teiq)erature  but  it  is  much  more  frequent  at  lower  and  medium  than  at 
higher  temperatores. 
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d)  Locomotion  at  Alternately  Acoeleratod 

and 
Retarded  Hates  (Klg.  11). 

Finally,  Amoeba  may  move  at  rates  that  are  alternately  accelerated 
and  retarded.    Individual  XII  {Vlg*   11, a)  ac^ln  manifestn  this  activity, 
though  not  In  as  striking;  a  degree  as  some  of  the  other  individuals. 
Curing  Z   Dinutas  from  9t20  to  9i22  it  was  moving  at  a  rate  of  6  nni.  per 
minute;  then  its  speed  was  accelerated  to  a  rate  of  11  ram.;  then  it  wag 
retarded  to  8  mm.  and  to  7  znc. ;  then  again  accelerated  to  9  mm. ;  then 
ag&in  retarded  to  4  ma.   and  to  3  mm.;  then  again  accelerated  to  7»4  mm. 
and  to  8.6  mm*;  then  again  retarded  to  4  ram.  and  finally  again  accelerated 
to  5  mm.  per  minute. 

Individual  .2^111  (Fig.  11, d)  shows  an  even  more  regular  and 
strilcing  alternation  of  these  periods  of  acceleration  and  retardation. 
At  12:20  o'clooic  it  was  moving  at  a  rate  of  3  ram,  per  minute.    Then, 
in  successive  minutes,  it  moved  at  rates  of  2,  3,  4,  3,  4,  2,  3,  4,  5,  4, 
3,5,  5.6,  6,5,  5,  6,5,  4»5,  3.7,  6  mm.  per  minute.    The  alternate 
periods  of  increasing  and  decreasing  speed  in  this  series  are  obvious. 
Individuals.  XIX  (Fig.  11, b),  XXV  (Pig.  11, c)  and  XLI  (Fig.  11, e)  may  be 
further  cited  as  manifesting  this  peculiarity  of  behavior  rather  striitingly. 

This  mode  of  behavior,  like  those  previously  described,  also  seems 
to  be  independent  of  temperature.    Still,  it  occors  more  frequently 
at  higher  than  at  lo-ror  ten^ierat-.ire  j,  though  our  data  do  not  indicate 
that  it  occurs  more  fretiuently  at  higher  than  at  medium  tecjjeratures. 

There  are  numerous  detailed  feat'ores  of  this  alternation  of 
accelerating  and  retarding  phases,  which  it  would  be  Interesting  to 
illustrate  in  detail  from  the  individuals  studied.    It  will  have  to 
suffice  for  the  present,  however,  to  make  the  following  preliminary  statements 


I 
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whlch  may  be  verified  by  a  comparative  study  of  the  graphs  and  tables. 
A  more  detailed  study  will  be  made  In  the  section  dealing  with  the  rhythm 
of  locomotion. 

ll   Amoeba  may  move  at  alternately  Increasing  and  decreasing  rates. 

2)  Such  a  period  of  alternation  may  occur  at  any  tenperat-ire,  though 
It  occurs  more  frequently  at  higher  than  at  lower  temperatures. 

3)  The  duration  of  8uch  a  period  of  alternation  Is  variable.   It 
may  be  as  brief  as  2  or  as  prolonged  as  20  minutes. 

i)     In  periods  of  rather  long  d'uration,  there  may  be  occasional 
aberrations  from  the  regular  seq.uence,  and  an  acceleration  or  a  retardation 
of  2  or  3  minutes  may  occ  ir  in  a  series  in  which  the  alternations  take 
place  regularly  every  minute. 

5)  The  duration  of  suoh  a  period  of  alternations  is  probably  longer 
at  higher  than  at  lower  temperatures. 

6)  Ordinarily,  such  a  period  occurs  when  Amoeba  is  moving  rather 
rapidly,  though  it  may  occur  even  when  it  is  moving  at  slow  rates. 

7)  In  such  a  period  of  alternating  accelerations  and  retardations, 
the  extent  of  acceleration  is  apparently  not  dependent  on  the  preceding 
retardation,  nor  is  the  extent  of  retardation  dependent  on  the  preceding 
acceleration. 

8)  In  a  series,  if  the  various  accelerations  show  a  progressively 
increasing  value,  the  intervening  retardations  may  show  decreasing  values, 
though  not  necessarily  so. 

9)  In  a  series,  if  the  various  accelerations  show  pro^esslvely 
decreasing  values,  the  intervening  retardations  may  show  increasing  values, 
though  not  necessarily  so. 
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C.  THEBHYTHHC  CHATaCTEB  OK  LOCOIIQTIOU 

a)   An  Illustration 

Locomotion  by  alternately  accelerated  and  retarded 
rates,  which  we  have  Just  considered,  leads  as  directly  to  discuss  the 
third  featare  that  is  sui^i^ested  by  a  stady  of  the  performance  graphs, 
the  rhythmic  character  of  locomotion.    This  feature  mlijht  be  Illustrated 
by  a  study  of  Individual  XII,  but  Individual  -iXVlll  affords  a  more  definitely 
clear  case.    A  part  of  the  perforiMmce  ^aph  of  this  individual  has  been 
reproduced  In  Fig.  10, d,  and  it  is  this  graph  which  we  shall  subject  to 
further  study. 


The  first  observation  made  upon  this  individual  showed  that  it  was 
moving  at  a  rate  of  3  mm*  per  minute.  There  was  no  way  of  finding  out, 
of  course,  whether  this  rate  was  an  accelerating  or  a  retarding  rate,  and 
hence  for  the  purpose  of  the  present  discussion,  we  may  disregard  it. 
The  succeeding  observations  on  this  individual  may  be  grouped  in  a  series 
of  periods,  somewhat  as  followst 


Period  1,     Retaurdation, 

«       2  " 

"3  " 

•t       ^  •« 

"5  " 

H  g  H 

It  y  •• 


minute;  Acceleration,  3  minutes. 

H  It  1  l» 

It  It  2  " 

It  H  J^  It 

II  It  2  ** 

It  H  J^  It 

••  l.E     " 


Not  only  are  there  alternate 


••       3.5  •♦ 
The  periodicity  here  is  'omnlstakable. 
accelerations  and  retardations,  but  the  alternate  accelerations,  those 
namely  of  Periods  1,  3,  5,  7,  are  slower  than  those  of  the  intervening 
accelerations,  those  of  Periods  2,  4,  6, 
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b)   The  Latlo  of  Uaf  ■ 
(1)   The  Ratio  of  Rates  for  One  Individual. 

In  this  partlcalar  oase  there  le,  moreover,  an  almost  Ideally 
perfect  quantitative  relationship  between  the  rates  assumed  during  the 
total  time  of  observation.    During  the  retardation  of  the  first  period, 
the  animal  was  moving  at  a  rate  of  2  ram,  per  minute.    During  the 
acceleration  of  this  period,  the  animal  moved  at  a  rate  of  3  mn,  per  minute 
for  2  minutes,  and  at  a  rate  of  4  ran,  for  1  minute.    Hence,  d-xrlng  this 
accelerating  phase,  which  lasted  3  minutes,  the  amoeba  moved  a  total 
dlstsince  of  10  mm.  and,  therefore,  at  a  rate  of  3,33  mm.  per  minute.   If 
we  now  divide  the  rate  maintained  during  the  accelerating  phase  by  that 
maintained  during  the  retarding  phase,  the  quotient  will  slve  us  a  measure 
of  the  number  of  times  by  which  the  accelerating  rate  exceeded  the  retarding 
rate.    We  may  call  this  value  the  "Katlo  of  Kates",  and  its  mathematical 
value  will  be  indicated  by  the  expression,  H^^g  /  S^  throughout  the 
present  discussion.    During  the  first  period  of  the  locomotion  of 
Individual  XiVIII,  which  we  have  been  considering,  the  value  of  this  ratio 
is  1,66,  since  the  average  accelerating  rate  was  3,33,  the  average  retarding 
rate  was  2. 

For  the  second  period  the  value  of  this  ratio  is  1,33;  for  the 
third,  1,75;  for  the  fourth,  1.35;  for  the  fifth,  1.71;  for  the  sixth,  1.30 
and  for  the  seventh,  1,46,    Table  IX  sumnarizes  these  facts,  and  shows, 
moreover,  how  these  values  were  derived.    From  this  table,  especially 
if  it  is  studied  in  connection  with  the  graphs,  i'ig.  8,d,  and  the  enlarged 
graph  (Fig.  12),  the  following  points  will  become  clean 

a)   There  was  a  very  evident  rhythm  in  the  locomotion  of  this  indivld-oal. 

bl   This  rhythm  expressed  Itself  not  merely  in  an  alternation  of 
accelerations  and  retardations  but  alpo  in  an  alternation  of  periods  of 
greater  witn  those  of  less  acceleration  ICompare  the  Ratio  of  Rates  for 
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Periods  1,  3,  5,  7  on  the  one  hand  with  thoee  of  Periods  2,  4,  6  on  the 

other ) . 

c)   The  valae  of  the  ratio  E   /A  ^  was  remarkably  constant  in 

ao    rt 

alternate  periods. 


Suoh  strilcln*  re>jalarlty  in  a  oon5)lex  rhythm  is  rare  in  the  whole 
mass  of  data  at  our  disposal.    There  are,  however,  a  few  instances  whloh 
are  Just  as  noteworthy  as  i  s  the  case  of  Individual  ;CXYIII.    Indivld'oal 
XLVII ,  for  example,  exhibits  this  same  phenomenon.    A  possible  reason  why 
it  is  not  easy  to  discover  such  Instances  more  freq,uently  is  this,  that 
the  difficulties  Incident  upon  our  method  of  observation,  make  it  all  but 
iiqpossible  to  follow  a  given  animal  ijninterruptedly  for  a  vei7  long  time. 
Whenever  one  of  the  record  sheets  upon  which  the  drawings  were  made,  had 
to  be  changed,  this  cou]d  not  well  be  done  without  the  loss  of  half  a 
minute's  time,  and  during  such  a  time  Interval,  brief  as  it  Is,  an  entire 
phase,  either  accelerating  or  retarding,  might  be  lost. 


There  can  be  no  question,  then,  concerning  the  rhythmic  character 
of  locomotion,  nor,  in  certain  Instances,  concerning  the  accurately 
quantitative  feature  of  this  rhythm.    As  might  be  expected,  however, 
this  quantitative  feature  may  be  subject  to  very  wide  variations.    To 
show  the  general  character  of  these  variations,  the  value  of  the  Ratio  of 
Rates  has  been  worked  out  for  the  other  individuals,  whose  performance 
graphs  are  reproduced  in  Fig.  11   ,  I.e.  for  Individuals  XII,  llA,   jL-CV,  XLl . 
These  values  are  found  in  Table  X.    It  will  be  noted  that  Individual  XXV 
shows  the  same  alternation  of  greater  and  smaller  values  for  the  Katlo  of 
Bates  which  were  discovered  in   Individual  XXVIIl,  the  values  for  the  Ist 
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TABLE  A 


The  Value  of  R   /  R 

ac  '   rt 


For  the  Periodicity  of  Locomotion 
(Performance  Graphs  for  all  of  these  Amoebae  are  given  In  Klg.li) 


Designation 
Individual  In  Period      R   /R 

Figure  ^°    ^^ 
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6 
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and  3rd  periods  being  practically  equal  and  email,  thoee  for  the  2nd  and 
4th  periods  being  comparatively  large.    For  Individual  All,  the  data 
are  ins<afflcient  to  enable  one  to  discuss  the  quantitative  character  of  the 
rhythm.    Individual  XIX  moved  in  such  a  way  as  to  gradually  reduce  the 
value  of  the  Ratio  of  Itates.    Indlvld'oal  XLI ,  on  the  other  hand,  moved  In 
such  a  way,  as  to  increase  the  value  of  the  liatlo  of  Kates,  aiad  then  to 
make  the  value  of  this  ratio  constant.    Such  cases  will  have  to  be  dis- 
cussed at  greater  length  when  we  speak  of  the  long-time  rhythm  of  locomotion. 


I 
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(2)   The  Ratio  of  Bates 
for 
Several  Individuals  at  the  Same  Temperature 

In  disousslng  the  rhythm  of  locomotion  In  Amoeba,  we  have  considered, 
thus  far,  the  Hatio  of  Iiates  for  the  euooeaslve  acoeleratlone  and  retarda- 
tions In  the  locomotion  of  one  Individual,    Another  rather  striking  feature 
of  this  rhythm  is  the  comparative  constancy  of  the  value  of  this  hatlo, 
for  the  average  rates  during  accelerating  or  retarding  phases  for  different 
individuals  at  the  sane  temperature.    If  v/e  add  the  distance  traversed 
ty  a  given  Individual  during  all  the  periods  of  acceleration  observed  at  a 
given  ten5)erature,  and  divide  this  distance  by  the  total  duration  of  the 
accelerating  phases,  we  shall  get  the  average  rate  maintained  by  the  suiimal 
during  the  accelerating  phase.    Similarly,  if  we  add  the  distance  traversed 
by  the  same  individual  during  the  periods  of  retardation,  and  divide  this 
distance  by  the  total  d'iratlon  of  the  retarding  phases,  we  shell  get  the 
average  rate  maintained  during  the  retarding  phases.    If  we  now  get  the 
Eatio  of  Kates,  by  dividing  the  average  rate  during  the  accelerating 
phases  by  the  average  rate  during  retarding  phases,  we  shall  find  by  how 
many  times  the  average  accelerating  rate  exceeded  the  average  retarding 
rate* 

labia  XI  will  illustrate  the  treattcent  of  our  data  for  the  present 
purpose  for  Individual  XXJV.    The  table  is  divided  vertically  into  tv/o 
halves,  one  for  the  acceleratin^j  phases,  the  other  for  the  retarding 
phases.    In  the  I'irst  column  in  each  half  is  given  the  distance  traversed 
by  the  animal  during  a  giver  time  interval,  in  the  one  case  d'iring  the 
accelerating,  in  the  other  during  the  rbtarding  phase;  in  the  second  oolurau 
is  given  the  time  interval  during  which  that  distance  was  traversed. 
Thus,  In  the  first  line,  -onder  the  '•Accelerating  Phase"  will  be  found  the 
reading  22  in  the  distance  column,  and  2  minutes  in  the  tine  interval 
column,  which  meann  that  during  the  first  aoceleratintj  phase,  this  individual 
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TABLE     XI 


The  Batlo  of  Average  Bates 
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Locomotor  Khythm 

of 
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moved  22  mm.   In  E  minateB.         Similarly,   the  first  line  under   the  Retarding 
Phase   la  to  be  understood   thus,   that   thle   individual  moved  8  rara.   during 

I  minute.  If  now,  we  add  all   the  values  given  In   the  distance  column 
under  "Accelerating  Phase'*  we   shall  get  the  total  distance  traversed  by 
the  animal  during  all  the  accelerating  phases  of  its  rhythm.  If  tbis 
value   Is  divided  by   the   suni  of  the  valies   of  the  time  intervals,   we   shall 
get  the  averai^e  rate  of   this  individual  during  all  its  accelerating  phases. 
The  total  distance  traversed  by  Individual  AiilV  was  actually  135  mm.,   during 

II  minutes,   and,   therefore.    Its  average  rate  during  the  accelerating  phases 

was  12.3  mm.   per  minute.         Treating  the  data  under  the  "Tiietarding  Phase" 

in  the   same  way,  we   find  that   the  avera-^e  rate  during  the  retarding  phases 

was  8  mm.   per  minute.         Hence,   the  value  of  R        /  K        in  this  case   is 

ac    rt 

12,3  divided  by  8,  which  gives  1.5  as  the  value  of  our  Eatio  of  Average 
Eates.    This  means  that  on  the  average  the  animal  during  the  accelerating 
phases  moved  1.5  times  as  fast  as  it  did  during  the  retarding  phases. 

Now  if  we  subject  the  data  for  a  nuirber  of  individuals,  all  of  which 
were  observed  at  20  de-jrees,  to  the  sanie  sort  of  analysis,  it  will  become 
apparent  that  the  value  for  the  Ratio  of  Average  Rates  is  stri'<lngly  con- 
stant.   The  results  of  such  a  study  are  embodied  in  Table  XII.    The 
table  is  constructed  very  much  like  Table  XI  for  which  the  explanatory 
details  were  given  on  page  73  .    It  will  be  noted  that  even  though  the 

value  of  the  accelerating  rate  IR   )  varies  between  such  wide  limits  as 

ac 

3,10  mm.  per  minute  for  Individual  XVI  and  12.3  ran.  per  minute  for 
Indlvid'oal  XXIV,  and  the  value  of  the  retarding  rate  varies  between  1.8  bd. 
per  minute  and  8  nm.  per  minute  for  the  same  two  individuals,  respectively, 
the  Ratio  of  Average  Late s,  for  all  of  these  individuals  lies  between  1.  and 
2.5.    The  value  of  the  Ratio  of  Average  Rates  for  all  of  these  individuals 
Is  1.5. 
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The  only  basle  for  the  selection  of  the  IndlvlJualg  for  whloh  the 
results  were  to  be  Included  In  this  table,  wne  the  length  of  time  daring 
which  they  were  observed.    Those  only  were  chosen  which  hod  been  observed 
in  a  locomotor  condition  at  20  dejjrees  for  20  minutes  or  more,  so  that 
there  ml<?ht  be  some  assurance  that  the  charaoterictlc  features  of  the 
activity  h£ui  actually  been  found. 

(3)   The  Katlo  of  Rates 
for 
Several  Individuals  at  Different  Temperatorea 

Finally,  if  we  compare  the  value  of  the  Batlo  of  Kates  for  several 
Individuals  at  different  temperatures  another  feature  will  become  apparent. 
Unfortunately,  however,  our  data  are  not  adequate  for  forming  a  definite 
conclusion  on  this  matter.    atlll.  If  we  select  a  number  ot  Individuals 
at  different  temperatures,  choosing  only  those  that  have  been  observed  for 
quite  a  long  time,  and  then  treat  their  records  as  the  data  for  20  degrees 
were  treated,  we  shall  notice  a  gradual  diminution  of  the  value  of  the 
Eatlo  of  Sates  as  the  toE5;9rature  rises.    These  facts  arp  illustrated  In 
Table  XIII,    Only  the  final  aiiramations  are  given  In  this  table  to  avoid 
needless  complication  of  the  table.    To  show  how  much  evidential  value 
Is  to  be  attached  to  the  results  for  the  various  teiqperatures,  the  number 
of  Individuals  from  the  records  of  whose  performance  the  data  are  derived. 
Is  given  in  the  first  column.    The  second  ool'imn  gives  the  terqjeratures 
at  whloh  the  observations  were  rrade.    The  remaining  part  of  the  table  is 
ooiqplled  as  was  described  previously  on  page  bS     for  Table  IX. 

It  is  to  be  regretted  that  the  number  of  individuals  for  which  the 
data  are  presented  are  so  few  for  some  of  the  temperatures.    It  is  thou<<ht 
probable,  however,  that  the  general  trend  of  the  data  would  not  be  changed 
even  if  the  experimental  facts  were  more  numerous.    Uo  effort  was  hitherto 
made  to  work  over  the  data  for  the  intermediate  teiqperatures. 
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T  ▲  B  L  C  jail 


The  iiatlo  of  Average  Iiates  of  the  Looonotir  hhythm  of  Amoebae 
at  Varlo'iB  Ten^'erat'ires 


D    c  Distance  travereed  by  anlnal 

duria^j  stated  period 
T    =  Time  Interval 
E^g  a  I\a.te  during  acceleration 
Bj.^.  «s  Bate  daring  retardation 


Ho.  of  Individual  Acceleratln;^  Phase     Retarding  Phase    R   /  R  ^^ 

observed  at 
a  given  temperature  Tenp.      D      I     R        D     T     R  . 

C 


4  15  178            56.75  3.13  172,5     94.75  1.72  1.8 

E  18  638.5       83.00  7.70  424.5     87.50  4.90  1.57 

16  20  1376.35  276.00  6.18  1050.3  317.50  3.40  l.EO 

4  26  652.0       64.58  10.10  576.5     73.00  7.90  1.28 
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It  will  be  noted  tlLit  at  16  dewp-ees  the  valae  of  the  Ratio  of  Rates 
iB   1.8,    at   18,    It    l3  1.67,   at   20,    It    Is   1.5  and  at   26  de^eeo.    It    la   1.28. 
The  progrreseive  downward  value   1b  quite  evident.         We   ahall  come   bacic  to 
a  disousBlon  of  this  phenomenon  after  we  have   treated  the  following 
section,      —     the   longtime  period  rhythm  In  the  locomotion  of  Amoeba. 
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0^  The  Long-Period  IxJtythn 

In  addition  to  the  periodicity  manifested  by  an  alterni-tion  of 
aoceleratione  and  retardations,  there  became  evident  in  some  of  the  amoebae 
ased  in  this  study,  another  long-period  periodicity,  the  full  meaning  of 
which  and  the  laws  of  which  will  need  further  invjstiijation.    This  long- 
period  rhythm  becomes  msmifest,  only,  when  an   individual  la  studied  at  the 
same  ten^erature  for  a  prolonged  time  luterral.    In  this  matter,  as  in 
many  others  connected  with  amoeboid  movement,  it  is  most  inportant  to  note 
Schaeffer's  waimlr.g;,  that  we  have  not  explained  amoeboid  movement  when  we 
have  explained  amoeboid  behavior  at  any  particular  cross-section  of  time. 
Ee  says,  "It  has  been  tacitly  assumed  that  if  one  could  explain  amoeboid 
movement  at  any  particular  cross-section  In  time,  one  'inderstood  the  wh3le 

process  of  amoeboid  movement  no  matter  how  lon^j  it  continued It  was  not 

assumed  that  time  was  an  element  in  the  practical  sense  in  the  explanation 
of  locomotion,"  Sohaeffer,  ('20,  p.-lC9),    Individual  XVIII  will  serve  as 
an  illustration.    To  faollltate  description,  the  porforrrance  graph  for 
this  Individual  has  been  re-drawn  on  an  enlarged  scale,  some  of  the  smaller 
fluctuations  of  the  rate  were  omitted,  and  the  rates  for  every  fifth  minute 
only,  (in  one  case  for  a  four-minute  Interval)  were  plotted.  U'ig«  12,Al . 

The  alternations  of  accelerating  and  retarding  rates  become  evident 
at  once.    But  just  as  evident  in  the  gradual  decrease  of  the  accelerating 
rates  from  12; 05  to  1:00,  its  gradual  increase  to  1:25,  then  a^in  its 
decrease  until  1:45  o'olook,  its  Increase  to  2:05  o'clock,  and  finally, 
probably,  its  decrease  beyond  this  time.    It  is  clear  that  a  very  long 
time  period  of  continued  observation  of  the  same  indlvldaal  at  constant 
temperature  is  required  to  reveal  so  complex  a  form  of  behavior. 

Ai  our  data  for  the  understanding  of  this  phenomenon  are  so  meagre, 
little  more  need  be  said  about  it,  but  still  certain  features  which  w»  have 
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alladed  to  abore  may  b«  mentioned  In  passing,  as  It  Is  possible  that  this 
long-period  rhythm  raay  help  us  in  anderstandlnff  some  of  the  features  of  the 
short-period  rhythm. 

It  will  be  noted  first  of  all,  that  the  performance  graph  of  an 
uraooba,  even  for  a  ooraparatlvely  short  time  Interval,  will  look  quite 
differently,  depending  on  T«*iether  It  represents  the  condition  of  the  aninal 
when  it  is  in  the  downward  or  the  upward  phase  of  the  long-period  rhythm. 
This  llAY  explain  the  decided  difference  In  the  appearance  of  the  graphs 
for  Individuals,  m,   XIX,  XVI  and  XVII,  all  at  20  degrees  for  exajqjle. 
A  brief  reference  to  the  appendix  where  these  graphs  may  be  found,  will 
make  omt   meaning  clear.    In  the  case  of  Individual  XII,  there  is  at  first 
an  Inward  tendency  of  the  line  connecting  the  various  maxlna,  then  a 
downward  tendency,  and  again  an  upward  tendency.    In  the  case  of  Individual 
XI£,  there  is  clearly  a  downward  tendency  of  the  line  connecting  the  maxima. 
The  graph  for  Individual  XVI,  too,  shows  this  same  downward  tendency  while 
the  character  of  the  graph  for  Individ'ial  XVII  seems  to  indicate  that 
locomotion  of  this  amoeba  was  studied  while  the  animal  was  at  the  crest  of 
a  long-period  rhythm. 

Thus  far,  we  have  spoken  of  the  curve  connecting  the  n&xima  of  the 
rates  of  locomotion.    Other  Interesting  relationships  would  probably 
be  revealed.  If  oar  data  were  an^jle  enough  to  warrant  an  extensive  dis- 
cussion of  the  line  connecting  the  minima.    A  few  considerations  by  way 
of  su^^stlon,  rather  than  of  definite  statement,  may  not  be  out  of  place. 


-82- 


if  the  carve  of  minima  runs  parallel  to  the  carve  of  raaxlma,  the  corveB 
must  be  interpre'ted  as  meaning  that  for  every  Increase  or  decrease  In  the 
accelerations,  there  Is  a  corresponding  Increase  or  decrease  in  the 
retardations.    Under  sach  conditions,  clearly,  we  sho-ild  expect  the 
llatio  of  Kates  (defined  above,  p.  6?  )  to  remain  constant.    Again,  if 
the  curve  of  miniira  converjes  towards  the  curve  of  maxima,  the  meaning  is 
probably  this,  that  while  the  acceleration  is  increasing  or  decreasing, 
the  retardations  and  accelerations  are  varying  in  an  opposite  sense. 
In  such  a  case,  we  should  expect  the  uatio  of  itates  gradually  to  decrease 
in  value.    Individual  JJ.A   affords  an  illustr:ition  of  this.    Reference 
to  Table  a  will  help  us  to  recall  that  the  uatio  of  ivates  for  this 
individual  decreased  during  four  successive  periods  from  2.25  in  the  first 
period  to  1.50  in  the  fourth.    Thirdly,  if  the  curve  of  minima  diverges 
from  the  curve  of  maxima,  we  should  expect  the  liatio  of  i\ate3  gradually 
to  increase.    Individual  ^I  illustrates  the  point.    Further  reference 
to  Table  X  will  show  that  for  the  first  three  periods  the  Ratio  of  Kates 
gradually  increased,  from  1.27  to  2.00  and  then  remained  constant. 

Lastly,  since  in  all  these  three  oases  the  curve  of  minima  is 
certain  to  run  parallel  to  the  curve  of  maxima,  for  some  time,  near  its 
central  region,  we  should  expect  to  find  In  eaoh  individual  a  number  of 
alternate  accelerations  and  retardations  for  /.'hich  the  Katio  of  Kates 
is  fairly  constant.    This,  in  fact,  occurs  fretiuently,  and  the  instance 
of  Individual  iUVIlI,  (Table  I^i.  and  ilg.  11)  furnishes  an  excellent 
Illustration. 
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3.     A.  DI3CJ33I0K   OF  Ca<TAIU   Jj'EATlBES  Ob"  LOCOMOTIOJt 

of 
AliOEM,   AT  G0K3TAKT  TaiPiKATlJllE. 

We  are  now  in  a  poeltlon  to  sarimarlze  all  thct  has  been  said  abo'it 
the  locomotion  of  Amoeba  at  oonetant  tenperatoro.  It   is  not  our  purpose 

in  this  place   to  etucLy  the  bearing  of  our  lata  on  a  theory  of  the  mechanics 
of  amoeboid  raoven»nt.  Oar  p'lrpose   is  rather   to   ew^gest  a  relation  which 

oay  possibly  exist  between  the  features  of  locomotion  which  we  have  been 
describing  and  the  physlologioal  condition  of  the  amoeba  during  its 
looomotor  activity. 

We  have  an^jhasized  the  following  feat'ores  of  locomotion: 

(1)  Locomotion  in  Amoeba  Is  rhythmical,    . 

(2)  This  rhythm  expresses   itself  in  a  variation  of  the  rate  of  locomotion. 

(3)  The  rhythm  is  probably  two-fold,   a  long-period  rhythm  ai.d  a  short- 
period  rhythm. 

(4)  In  each  of  these  rhythms,   there   is  an  accelerating  and  a  retarding 
phase. 

(5)  In  the   short-period  rhythm  —  possibly  also  in  the  long-period 
rhythm  —  the  accelerating  and  ret  irdlng  phases  are  variable. 

a)  In  intensity, 

b)  in  duration. 

(6)  The  relation  between  the  two  phases  is  expressible  by  a  ratio,  the 
value  of  fl*ilch  is  approximately  constant  for  a  given  tenqieratart . 

[7]     At  different  temperature,  the  value  of  this  ratio  is  variable, 
decreasing  with  rising  and  increasing  with  falling  tert^jerature. 

(8)  At  any  given  Instant,  the  rhythmical  character  of  locomotion  nay 
not  be  evident  by  reason  of  the  various  modes  in  which  Amoeba  may 
change  its  rate  of  locomotion.    For  Amoeba  may  change  Its  rate 
of  locomotion, 

a)  after  having  moved  at  a  uniform  rate  for  a  considerable 
Interval  of  time. 

b)  by  suddenly  accelerating  or  suddenly  retaurdlng  Its  rate. 

c)  by  gradually  accelerating  or  gradually  retarding  its  rate. 

d)  by  alternately  accelerating  and  retarding  its  rate. 

(9)  After  a  prolonged  period  of  observation,  however,  the  rhythmical 
character  of  locomotion  becomes  evident  in  one  of  two  ways,  and 
sometimes  in  both: 

a)  by  the  constancy  of  the  Eatio  of  Average  hates. 

b)  by  the  undulation  of  the  curve  of  maximal  rates. 


-84- 


These  details  In  the  locomotor  rhythm  aro  of  ao  atrlklng  a  character 
that  they  Invite  an  effort  at  Interpretation. 

Without  co;rr.ilttlng  oirselves  to  anyone  of  the  numeroas  theories 
of  amoeboid  movement,  everyone  who  has  studied  Amoeba  must  be  familiar 
with  the  "eruptions"  of  granules  for  some  "dynamic  center",  which  occur 
during  locomotion.    These  eruptions  occur  at  more  or  less  re  ;ular 
Intervals,  and  are  followed  by  shorter  or  lon^jer  periods  of  gradually 
retarding  flow.    These  alternations  of  active  and  refractory  periods 
produce  the  '^hort-period"  rhythm. 

The  special  form  of  rhythmic  activity  which  we  are  here  discussing 
is  the  rhythm  of  rate  of  loco-aotion.    There  are  probably  other  forma  of 
rhythmic  activity  which  are  associated  with  locomotion.   Schaeffer  l'20i 
for  example,  without  speaking  of  rhythmic  activity,  has  pointed  out  a 
dextero-sinistrous,  sinuous  movement  in  the  locomotion  of  A.  bigemrua,  as 
well  as  in  other  forms.    It  is  probable,  moreoveir,  that  there  is  in  Azooeba 
a  time  rhythm,  which  depends  upon  the  relative  durations  of  the  active  and 
refractory  periods,  or,  as  we  have  called  them,  the  accelerating  and  re- 
tarding phases.   Jibbs  and  Dellinger  {'0-i,   p.  241)  have  pointed  out  that 
"The  Amoeba  proteus  in  coimon  with  higher  animals  has  distinct  periods  of 
work,  and  rest,  depending  for  degree  and  duration  upon  the  nature  and 
abundance  of  food  upon  which  the  animal  is  habitually  feeding."   In  all 
liicelihood,  all  of  these  various  forms  of  periodic  activity  are,  if  not 
expressions  of  identically  the  same  physiological  state,  still,  of  closely 
reltted  ones.    Even  from  our  own  data  upon  this  matter,  it  would  seem 
high  probable  that  there  is  a  close  relation  between  the  time-rhythm  and 
the  rate-rhythm,  and  su^ostlons  are  not  wanting,  that  both  of  these  uay 
be  coincident  with  Schaeffer 's  directional  rhythm. 
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»i/lthoat  leaving  the  sure  foothold  of  observational  and  experimontai 
fact,  however.  It  inay  be  stated  definitely  that  there  uro  altornatloin  of 
aooelerated  and  retarded  rates  of  looomotlon.  The  accelerated  phuses  of 
looomotlon  oocor  synchronously  with  the  eraptlon,  and  the  retarded  phases, 
with  the  refractory  periods.  .Ve  may,  therefore,  conceive  of  the  eruption 
as  the  release  of  aocoraalated  energy;  of  the  refractive  phase  as  a  period 
in  which  two  things  are  happening, 

a)  the  utilization  or  dissipation  of  the  released  energy, 

b)  the  storage  in  the  "dynamic  center"  of  materials,  perhaps,  which  will 
f-arnish  the  driving  force  for  the  next  eruption.   In  other  words,  the  rhythn 
may  be  conceived,  as  it  has  been  explained  in  so  many  rhythmic  biological 
processes,  as  the  expression  of  reversible  metabolism  of  energy.   In  the 
eruptive  phase,  potential  is  converted  into  kinetic  evergy;  in  the  refractive 
phase,  potential  energy  is  being  "aooumulated"  preparatory  to  the  next  period 
of  releasa. 

The  eruptions  may  vary  [l]    in  freiueacy,  (2)  in  intensity.    The 
frequency  of  the  eruptions  conditions  the  "closeness"  of  the  rhythm,  the 
n'imber  of  rhythmic  waves,  namely  that  are  packed  into  a  given  time  interval. 
Kow,  this  frequency  can  be  altered  in  only  one  fundamental  way,  that  is,  by 
a  change  in  the  time  interval  between  the  various  eruptions.   But  the  rela- 
tion in  duration  between  the  eruptive  and  the  refractive  phases  may  be 
altered  in  a  great  many  ways: 

a)  the  eruptive  phase  may  be  long  and  the  refractive  phase  short; 

b)  the  eruptive  phase  may  be  short  and  the  refractive  phase,  long; 

o)  An  eruption  may  occur  at  the  end  of  the  dissipative  phase,  or  after 
the  dissipative  phase  has  barely  begun,  or  at  any  intervening  point  of  time 
between  these  two. 

The  eruptions  nay  vary,  moreover,  in  intensity.   The  intensity  of 
the  er-^tion  will  determine  the  amplitude  of  the  eruptive  phase,  and  will 
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of  rate. 

The  refractive  period,  too,  may  vary,  at  least.  In  tin:©.   The 

observational  basis  lor  this  statement  Is  the  fact  that  the  rate  of 

locomotion  may  be  retarded  very  saddenly  or  ^radaaii^.    oinoe  two 

processes,  as  we  have  said,  are  taking  place  In  the  or.janlsm  daring  this 

period,  each  of  these  a^ain,  may  have  its  own  velocity.   I'he  ultimate 

resultant  of  these  processes,  however,  will  finally  be  expressed  in  tne 

magnltode  and  rate  of  the  sacceedliig  eraptlor. 

All  of  this  might  well  be  developed  at  much  greater  length.    There 
is  ample  scope  for  speculation,  and  the  whole  subject  of  wave  motion  ml^ht 
supply  endless  S'oggestive  analogies.    Actual  Instances  of  the  rate  of 
locomotion  of  Amoeba  might,  without  laboring  the  point,  be  Interpreted  as 
reinforcement  or  interference  of  waves  of  the  rhythm.    it  will  suffice 
to  point  out,  however,  that  with  these  various  factors,  each  of  which  may 
vary  In  frequency  and  in  intensity,  almost  all  the  qualitative  and  iiuantita- 
tive  variations  of  the  locomotor  rates  of  Amoeba,  which  we  have  described, 
may  be  awieciuately  defined.    It  will  also  be  evident  that  the  locomotor 
behavior  nrust  not  be  conceived  as  a  conyaratively  siniple  manifestation  of 
physiological  conditions.    The  interplay  of  the  environment  on  the  one 
hand,  and  the  complex  physioloprical  factors  on  the  otner,  must  necessarily  be 
of  so  complicated  aoharaoter  that  it  is  definable  by  no  siiqjle  formula. 

It  remains  to  point  out  the  possible  applications  of  all  this  to 
some  of  the  outstanding  modes  of  locomotor  behavior  which  we  have  described. 

ll)   We  have  seen  that  Amoeba  may  move  at  a  unifor.-n  rate  for 
a  long  time  interval.    We  may  well  interpret  this  as  due  to  a  series  of 
very  frequent  eruptions  of  small  amplitude,  so  snail,  that  to  be  detected, 
they  would  have  to  be  measored  under  a  higher  magnification  and  at  shorter 
time  intervals  than  was  done  in  this  investigation. 

(2)   Amoeba  may  move  at  a  suddenly,  greatly  accelerated  rate.    The 
acceleration,  in  this  case,  is  probably  due  to  a  sudden,  almost  Instantaneoue 
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eraptlon  of  great  ma^ltude. 

(3)     Amoeba  may  move  at   a  grauiually  accelerated  rute.  baoii  an 

acceleration  le  probably  dae   to  a  alow  eruption  of  greater  or   smaller 
magnitude.  In  this   form  of  motion,   as  we  have   seen,    the  eruption  may 

be    80    alow  that    several,    different  measureable  rates  may  be    found  in  as 
many  as   six  successive  minutes,   during  which  the  rate  of  the  eruption 
constantly  increases,   giving  us,  what  we  have  designated  as  a     stair-oase 
mode  of  motion. 

14)     Amoeba  may  move  at   suddenly  or  gradually  retarded  rates,    these 
agftin  varying  in  the  magnitude  of  the  variation.  Such  a  retardation 

may  be   Interpreted  as  due  to  varying  lengths  in  the  refractory  periods, 
and  to  different  intensities  of  the  processes  that   take  place  during  that 
period. 

(5)     The  constancy  of  the  uatio  of  Rates,   at  a  given  temperature, 
will  also,  probably,   be  found  to  be  explainable   on  the  basis  of  rhythm. 

Before  proceeding  with  the  discussion  of  this   statement,   a  note 
must  be  Inserted  here.  In  this  discussion  of  the  rhythm,  of  the  rate  of 

locomotion,   and  later   on,    in  the  discussion  of  the  possible  meaning  of 
variations  in  the  value  of  the  tenqieratuxe  coefficient,  we   shall  taKe 
occasion  to  refer  repeatedly  to  Woodruff's   ('11,    '11a,    '17)    papers  on  the 
reproductive  rhythm  in  Paramoecium.         The  conf)arison  between  our   short- 
period  and  long-period  rhythm  on  the  one  hand  and  Woodruff's  "rhythm  and 
cycle"   on  the  other  would  seem  to  demand  some  vindication.         Other  workers 
in  the  protozoa  have   found  rhythms   in  the  reproductive  activity  of   the  lower 
foris.         But  as  Woodruff  was  anong  the  first   to  point   out  the  existence 
of   the  rhythm,   and  as  his   //ork  was  the  point  of  departure  for  other  Inveati^tor 
in  this  field,   his  results  have  been  chosen  for  coiq)arison  with  the 
phenomena  now  being  discussed.  Woodruff's  "rhythm  and  cycle"  were   of 

m^uch  longer  duration  than  the   short-period  and  long-period  rhythms  of  which 
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w»  are  epealtlng.    In  oar  oomparlson,  therefore,  vre  are  merely  ooin)Arln^ 
oertain  features  of  rhythmic  activity,  which  Woodraff  has  pointed  oat, 
with  thoae  that  seem  discoverable  In  the  present  work,  and  are  In  no  way 
implying  a  belief  In  the  Identity  or  even  sinsaLarity  in  the  underlying 
physiological  processes. 

how.   Woodruff  I'll)  in  the  paper  in  which  he  established  the 
existence  of  a  rhythm  in  the  reproductive  activity  of  Paramoecium,  says 
the  following:  "It  should  also  be  pointed  out  that  the  total  number  of 
divisions  during  a  prolonged  period  of  time  is  comparatively  constant. 
For  ezanq}le,  the  number  of  generations  attained  by  a  culture  during  190a 
was  613,  and  during  1910  was  612.    Of  course,  this  very  exact  coincidence 
is  an  'accident'  but  taken  with  a  considerable  amount  of  data  along  the 
same  line,  it  quite  definitely  points  to  the  fact  that  the  organism  has 
the  potential  for  about  a  certain  number  of  bipartitions  during  a  long  period 
of  tlire  and  this  number  is  approximately  attained  irrespective  of  the  minor 
fluctuations  in  the  rate,  due  to  external  or  Internal  causes."  ipg,  355-6) 

If  this  may  be  said  concerning  a  process  like  reproductions,  which, 
presumably,  is  so  much  more  conplicated  than  the  rhythm  of  the  rate  of 
motion  which  we  are  here  discussing,  the  constancy  of  the  Katio  of  Rates 
does  not  seem  so  very  surprising.    He   may,  therefore,  conclude  with 
some  degree  of  probability  that  —  to  parallel  Woorruff's  statement  — 
Amoeba  has  a  certain  potency  for  a  given  amount  of  locomotion  during  a 
long  period  of  time,  and  this  amount  is  practically  constant,  —  unless, 
as  happens  in  o'ur  case  —  external  factors,  temperature,  for  instance, 
so  influence  that  potency  as  to  increase  or  decrease  it.    WTiat  the 
concrete,  objective  meaning  of  this  potency  is,  caiunt  be  said  with 
definiteness.    That  it  is  associated  in  the  present  case  with  oertain 
limitations  set  to  the  elasticity  and  exstensibillty  of  protoplasm  by  the 
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temperatore  coudltlonB,    seems  all  bat  certain,   bit   this   is  by  no  means 
to       assert      ihiLl   this  potency   Is  not  dependent  upon  regulative  internal 
factors. 

(6)      In  addition  to   the  rather  reiuarkable  constancy  of  the  rates  at 
constant   temperatxre,  we  have   also   seen  that   the  valae  of  this  ratio  changes 
at  different   temperatire,    but   tnat   this  change   is  comparatively   sii^t. 
Again,  we  appeal   to   i^oodraff  for  a  parallel  case.  (Woodraff,    '11,  pg.   3b3) 

"A  stady  of  the  carve  of  the  division  rate  at   the  two  temperatores  shows 
that  teiqjeratare,   as  is  well  known,  mai'kedly  inflaences  the  rate,   bat   It  also 
shows  that  the  rhythms  persist  —  the  reprodactive  activity  being,   as  it 
were,  pitched  at  a  higher   scale,   bat  its  character   is  in  no   .vise  altered. ** 
Perhaps,    the  changed  value  of   tne  ratio  of  rates  is  the  quantitative 
expression  of  ''change  of  pitch'*.         h-b  we  have  no  data  to  present  upon  the 
meaning  of  the  decrease  in  the  value  of  the  ratio  of  rates  with  increasing 
ten^eratares,    this   suggestion  is  not  of  much  value,  except  as  a  point  of 
departure  for  further  experimentation. 

1 7)     Lastly,   a  word  mi^ht  be   said  about  the  long-period  rhythm,  — 
Woodruff's  cycles.         It  has  been  suggested  that  cycles  in  the  life 
periods  of  protozoa  have  a  definite  correlation  with  conjugation.         in 
the  case  of  paramoecium,    the  interesting  su^i^estion  has  been  made  that  at 
the  apices  of   the  re^JT-oductive  rates,   conjugation  is  much  rat^re  frequent. 
In  this  respect,    therefore,    the  long-period  rhythms  in   the  present  investi^- 
tion  have  no  relation  whatever  to  nVoodruff's  cycles.         But  in  another 
sense,  perhaps,    there   is  some  analogy.         All  that  we  should  want   to  point 
out  by   the  analogy   is   the  existence  of  periodicity  not  merely  in 
physiological  processes,   but  also  in  the   successive  maxima  of  these 
processes.  lu  another  respect,    the  analotsy  proves  to  be  correct. 
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*oodraff  has  found   that  when  environment  of  his  oalturee  Is  chan<fed, 
"oyclea  do  NOT   occor,   bit  rhythms  persist."      I'll,   pg.   3£7).  By 

reason  of  this   at^teraent,   uni  other   si'oilar   oneo,    stme  doubt  nas   been 
oast  apon  the  existence  of  "cycles"   in  the  reprodactive  activity  of 
Paramoeolum.         In  the  present  investigation,  however,   it  can  be  8ho':Ri 
frot  a  comparison  of  the  performance  tjruphs,   that  while  short-period  and 
long-period  rhythms  are  clearly  evident  In  oniform  temperatures,   the  long- 
period  rhythm  tends  to  disappear  —  or,  perhaps,   it  is  obscured  —  when 
the  temperature   is  changed.         Among  all  the  performance  records,   there 
Is,   'Unfortunately,  not   a  single  case  from  which  the  persistence  or  non- 
persistence  of  the  long-period  rhythm  can  be  clesurly  demonstrated. 
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P  AK  T     II 
LOCOU)?Uiv  aiilLPOIJSE  Oe   ALOLBA  TO  CILJJailia  T2tlPI£ATLLvK 


Introduotory. 

1.  Immediate  Locomotor  Reeponse  of  Amoeba  to  a  Chaii^^e  of  Temperature. 

A.  To  a  i'alling  Tejqperatire. 

B.  To  a  ilisinij  Ten5)erature. 

C.  Influence   of  i.hythn  on  the  Immediate  ivesponse  to  a  Change  of 

Tenperataro. 

2.  Locomotor  liesponse  Dxrimj  Persistence  in  a  Jnan^^ed  .Tenperatare. 

A.  Comparative  Avera^  Rates  of  the  Sane  Individual  at  Different 

Constant  Temperatures. 

B.  Comparative  Average  Rates  of  All  Individuals  at  Different  Constant 

TeiQjeratures. 
a)     Value,   as  Evidence,   of  the  iVhole  llass  of  Data. 
t)      Outstanding  Conclusions. 

c)  Average  Rates  of  All  Individuals  at  the  Same  Temperature. 

d)  Average  Rates  for  i'ive  Degree  Intervals. 

C.  The  Curve  of  ilaximal  Rates. 


We  now  pass  on  to  a  oomparatlve  atody  of  looomotlon  In  Amoeba  at  different 
temperatures* 

In  such  a  study,  we  are  clearly  dealing  with  an  Independent  Tarluble, 
time,  and  with  two  dependent  varlablee,  tenperature  and  rate  of  looomotlon. 
The  first  of  these  dependent  variables,  tenperature,  is  made  arbitrarily 
dependent  upon  time  by  the  experimental  method  enployed  in  this  investiga- 
tion; tile  second,  rate  of  locomotion,  is  the  one  which  we  are  studying. 
Time  evidently  affects  both  of  the  dependent  variables,  and,  aa  we  have 
conceived  the  problem,  our  purpose  is  to  study  the  variations  in  the  rate 
of  locomotion  which  are  coincident  with  controlled  veiriations  in  tenperature. 

That  the  independent  variable,  time,  plays  an  inportant  part  in 
locomotion,  is  abundantly  clear  from  what  we  have  seen  in  the  previous 
section  of  this  paper.    If  locomotor  activity  is  rhythmic,  it  must  be 
dependent  in  some  way,  upon  time.    It  will  follow,  therefore,  that  if 
rate  of  locomotion  is  dependent  upon  both  temperat'ore  and  time,  we  cannot 
discover  the  real  relation  of  one  of  these,  ten5>erature ,  upon  the  rate  of 
locomotion,  merely  by  studying  the  rate  of  locomotion  at  any  given 
cross-section  of  time.    In  other  words,  by  the  very  nature  of  the  problem 
we  are  dealing  with  a  tri -dimensional  and  not  with  a  di-dlraensional 
phenomenon,  and  there  seems  to  be  no  way  of  making  it  di-dlmensional. 

Ten^jerature,  too,  may  vary 

a)  upward  or  downwsird; 

b)  continuously  or  discontlnuously,  that  is.  It  rr-iy  vary  by  a  grad-oal 

or  a  sudden  variation,  and,  if  gradual,  the  gradations  may  proceed  at  almost 
any  conceivable  ratej 

o)   flllghtly,  moderately  or  extremely,  that  is,  the  variation  itself 
may  vary,  from  an  Interval  of  only  a  fraction  of  a  degree  to  the  extreme 
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llmlts  of  physlolotjioal  toleranoei 

d)   Infrequontly  or  frequently,  from  sllksht  fluctjAtions  eTery  few 
oeconda,  to  a  oonstantly  maintained  ten5)erature  for  any  oonoeivable  length 
of  time  within  the  life-limitt  of  the  organism. 

It  1b  probable  that  eaja  of  thoae  different  modes  of  variation  of 
temperature  affects  the  locomotor  activity  of  Araoeba  differently.    If 
this  fact  be  taken  in  conjonotion  with  the  one  we  have  already  emphasized,  name 
that  tenperatore  probably  affects  the  locomotion  of  Amoeba  differently,  depend- 
ing upon  the  particular  phase  of  both  its  long-period  and  its  short-period 
rhythm  in  which  the  or.'^nlsm  happens  to  be  at  any  given  particular  Instant 
of  time,  we  are  evidently  dealing  with  oomplloatlons  that  are  not  easily 
unravelled. 

This  oonplexlty  of  conditions  was  not  fully  realized  vi^en  the 
problem  was  undertaken.    Hence,  little  success  could  be  expected  in  an 
attempt  at  defining  definitely  the  various  conditions  under  which  any  jlven 
rate  of  locomotion  was  measured.    All  that  can  be  done,  therefore,  in 
presenting  the  data  on  this  part  of  our  problem,  is  to  offer  such  evidence 
for  our  general  conclusions  as  is  discoverable  in  the  general  mass  of 
observational  details.    It  will  be  realized,  of  course,  that  the  general 
conclusions  must,  therefore,  be  circumscribed  by  such  limitations  as  are 
here  outlined. 

These  difficulties  make  it  all  the  more  iroporative,  to  draw  a  sharp 

line  between  the  Immediate  response  of  Amoeba  at  the  Instant  when  the 

teroperat'ore  Is  changed  and  the  behavior  of  Amoeba  after  a  given  time 

interval  during  which  the  temperature  has  been  maintained  constant. 

We  shall  accordingly  divide  this  part  of  the  paper  Into  two  main  divisions. 

1.  The  Imnedlate  Locomotor  liesponse  of  Aaooba  when  the  Tenperatoi-e 

is  changed, 
Z.     Response  after  Persistence  in  the  Changed  Teiqperature. 
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1.      ItmoBdlate  Locomotor  Beaponse  of  Amoeba  at   the  Tims 

when  the 
Temperature  la  ghaitf;e(?. 

A)      Immediate  Looomotor  iieorionBe   to  a  Kalllntj  Temperature 

li'lgB.    13,    14) 

Figara  13  Illustrates  some  of  the  observed  changes  of  the  rate  of 
locomotion  coincident  with  changes  of  temiDeratore,    In  thie  fl^Ture,  enlarged 
sections  of  the  perf orma.nce  graphs  of  several  Amoebae  are  reproduced. 
Individual  XXII,  (i'lg,  13, a.  Performance  Record  and  Sraph  XXllI,  Observations 
93-98)  was  moving  at  a  rate  of  14  mm,  per  minute  while  the  temperature  was  at 
26  deiT-ees.    During  one  minute,  the  temperat  ire  was  changed  from  26  to  6 
degrees,  the  rate  of  the  Amoeba  d'oring  this  time  changing  from  14  to  11  nri.  per 
minute.    D-oring  the  next  minute,  the  rate  of  the  animal  dropped  to  3  nm.  and 
one  minute  after  the  new  temperature  of  6  de^jrees  had  been  established,  the 
animal  was  at  rest,  and  continued  In  this  condition  for  5  minutes.    Then  it 
made  a  sudden  movement  forward  at  a  rate  of  6  mm.  per  minute,  only  to  resume 
its  former  condition  of  rest  after  three  minutes  of  locomotor  activity  at 
gradually  diminishing  rates. 

Individual  XXXII  C^'ig.  13, b.  Performance  Eecord  and  Sraph  />XXII, 
Observations  13-18)  was  moving  at  a  rate  of  4.3  mm.  per  minute  while  the 
temperature  was  14  degrees.    '#hen  the  temperature  was  lowered  to  6  degrees, 
the  rate  was  retarded,  and  for  the  next  one  half  minute  the  animal  was  moving 
at  a  rate  of  2  mrc«  then  for  three  minutes  at  a  rate  of  1.3  tan,   and  then  for 
the  four  ensuing  minutes,  at  a  rate  of  1  mm.  per  minute.    Then  it  came  to 
rest. 

Individual  XVI  (i'ig,  13, c.  Performance  Record  and  3r»ph  XVI,  Observationa 
86-39)  was  moving  at  a  rate  of  2.3  mm.  per  minute  at  a  temperature  of  28  dejrees, 
When  the  ten^ierat'ore  was  lowered  to  11  defjrees,  the  rate  of  locomotion  was 
retarded  to  2  ran.  per  minute  for  5  minutes,  and  then  the  animal  came  to  rest. 
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Indlvidual  XV  (Kig,  lZ,d,   Perfcrmanoe  Record  and  draph  XV, 
Otiervations  18-21)  was  moving  at  a  rate  of  3.76  nm.  per  minute  at  a 
temperature  of  16.5  decrees.    '.Vhlle  the  terrperatare  waa  being  lowored, 
this  rate  changed  to  one  of  1.75  mm.  per  minute,  but  one  minute  after  the 
new  tenperatore  of  9.6  degrees  had  been  established,  the  rate  was  accelerated 
to  2  mm,  per  minute  for  2  minutes,  or.d  then  to  4  mm.  per  minute  for  the 
succeeding  2  minutes. 

Individual  iXT/Ill  li'ig.  13,  e,  Performance  I^ecord  and  3raph  XMVIII, 
Observations  21-25)  was  moving  at  a  rate  of  6  mm.  per  minute  while  the 
temperature  was  21  degrees.    As  the  t°Tperc.ture  began  to  drop,  the  rate 
was  accelerated  to  7  mm.  per  minute.    Two  minutes  after  the  tenferature 
had  reached  9.6  degrees  the  animal  was  moving  at  a  rate  of  3  mm.  per  minute 
for  2  minutes,  and  then  at  a  rate  of  5  mm.  per  rinute  for  the  next  ir.inute. 

The  same  diversity  of  response  is  illustrated  in  the  benavior  of 

the  individ'oals  for  which  parts  of  the  respective  performance  graphs  are 

given  in  Fig.  14.    In  this  figure,  five  instances  in  which  the  teraperat'ore 

was  lowered  to  a  less  extent  than  in  those  illustrated  in  Fig.  13  are 

(Fig.  14,c), 
reproduced.    Thus,  in  the  case  of  Individual  XL,  the  temperature  was  Icrored 

only  one  degree,  from  21  to  20  degrees.    Reference  to  the  complete  perforiranc 

graph  of  this  individ'oal  will  show  that  the  section  of  the  graph  here 

reproduced  was  but  part  of  the  normal  rhythmic  movement  of  this  individual, 

and  hence,  that  probably  the  lowering  of  temperature  of  one  degree  had  no 

effect  on  this  or-janisra.    The  rise  in  rate,  thereiore,  from  3  mm.  per 

minute,  at  which  the  animal  was  travelling  Just  previous  to  the  fall  in 

tenperatinre,  to  a  rate  of  6  nm.  and  then  9  mi.  per  minute,  would  probably 

have  taken  place  even  if  the  temperature  had  not  been  changed.    In  the 

case  of  Individual  LI  11  lFl<.  13, d,  Performanoe  liecord  and  (iraph  LIY, 

Observations  56-59)  there  was  a  fall  in  temperature  of  one  and  one  half 
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de<jrees,  but  this  fall  in  temporaturo  wus  oolnoldent  with  on  ttoceleratlon 
of  rate.    In  the  oase  of  Indivldaal  JJJi,    (*'ig.  13, b,  i-erforniance  iieoord 
and  Oraph  ^(U,  ObBervations  i;}-16l  though  the  terr^^eratare  fell  2  decrees, 
from  27  to  26  degrees,  the  rate  fell  at  first  from  9  to  3  nin.  per  nlnate, 
but  this  fall  v/as  followed  by  an  ucoeloratlon  In  the  course  of  which  the 
rate  maintained  Just  previous  to  the  temperature  change  was  atjaln  reached. 
Similarly,  a  fall  in  temperature  of  3  decrees,  in  the  case  of  Individ'oal 
AALil    if'l^.  13, a,  Performance  Hecord  and  Jraph  aaIII  ,  Observations  102-110), 
from  28  to  25  decrees,  and  In  the  case  of  Individual  aaIV  (iflg.  13, e,  Per- 
formance Kecord  and  Gtraph  aAIV ,   Observations  2iJ-33)  from  23  to  20  de-jreea, 
did  not  affect  the  norinal  alternations  of  accelerations  and  retardations. 
In  all  of  the  cases  mentioned  in  this  par2.^aph,  the  fail  in  ten^arature 
probably  did  not  affect  the  locomotion  of  the  Amoeba  during  a  time  interval 
of  from  2  to  5  minutes  after  the  tenperatire  was  changed. 

From  all  of  the  above,  the  following  conclusions  re,-jarding  the 
locomotor  response  of  Amoeba  at  the  time  when  the  temperature  is  changed 
seem  justifiable: 

ll)   i/hen  the  terperature  is  lowered,  from  a  higher  temperature  to  a 
low  one,  e.g.  from  25  to  6  degrees,  or  even  from  14  decrees  to  6  degrees. 
Amoeba  may  respond  in  a  variety  of  ways  by  a  chaiLge  in  the  rate  of  locomo- 
tion.   This  rate  may  be  retarded  abruptly,  reach  zero  and  then  be 
accelerated.    Or,  it  may  be  simply  retarded,  then  continue  -uniform  for  an 
interval  as  long  as  6  minutes  and  then  reach  zero.    Other  instances  that 
have  not  been  lllnstrated  justify  the  statement,  that  Amoeba  may  rerrain  in  a 
resting  condition  for  a  long  time,  even  for  15  minutes  in  a  temperature  of 
9.5  de-crees,  tut  as  this  nay  occir  at  almost  any  temperatire,  there  is  no 
guarantee  that  this  is  a  direct  response  to  the  ma^itude  of  the  change 
of  temperature. 
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(2)  When  the  tempflratare  In  lowered  from  a  rather  hi^jh  one  to  one 
of  about  9.6  or  11  den^reos, 

a)  the  rate  of  locomotion  of  Aiaoeba  may  be  'onaffected  for 
sometime  after  the  ohanife. 

b)  Anvoeba  may  oorae  to  reet  for  a  brief  time  and  then  resome 
Its  looomotlon. 

c)  The  rate  may  be  retarded  for  a  while,  and  then 
accelerated,  uaaally,  however,  not  reaching  its  previously 
hl^h  value. 

(3)  When  the  tenjierature  Is  lowered  through  a  snail  tenperat'jre 
interval,  but  In  such  a  way  that  both  the  old  and  the  new  tea5)erature8  lie 
near  the  phy8lolO'?ioally  optimal  condition  for  the  animal,  the  rate  probably 
remains  unaffected. 

l4)   In  general,  when  the  temperature  Is  lowered, 

a)  through  a  small  temperature  interval,  the  rate  of  locomotion 
may  not  be  affected  at  all; 

b)  through  a  greater  interval,  there  may  be  a  direct  response, 
which  may  show  itself  in  a  gradual  diminution  of  the  rate, 
or  in  a  reduction  of  the  rate  to  zero,  or,  in  rare  oases, 
in  an  acceleration  of  the  rate. 

(5)   There  is  sot  3  Indication  that  the  "temperature  level"  from  which 

the  lowering  takes  place  has  considerable  effect  upon  the  character  of  the 

response  that  is  elicited  from  the  organism. 
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B)      Immfidlate  Locomotor  heflponoe  toBl8ln<5  of  Teiqjerature. 

li'les.    16-16) 


The  immediate  response  of  Amoeba  to  a  rise   In  tonr'eratare   Is  no 
less  varied  than  It   1b  to  a  fall  of  tenperature. 

For  the  sake   of  clerirness,  we   shall  again  distinguish  the  response 
to  a  fcreat  rise  from  that  to  a  smaller  rise,   meaning,   arbitrarily,   by  a 
anreat  ripe,   a  change  of  8  dep-ees  or  rr.ore,   by  a  small  rise,   a  ohan-^e  of 
less  than  8  degrees. 

Fig.    15  illustrates  the  response  of  several  Amoeba  to  a  great  rise 

i Individual  1) 
in  tenperatore.         The  difference  in  response  of  the   same  amoeba^to  a 

change   of  temperat'ore   of  e<iual  mat^itude,    is  made  evident  by  graphs  a  and 
b   (Fig.    16)  •  In  both  capes,   the  temperature  was  raised  to  24  de^jrees, 

in  the  first  case   (Fig.    15, a)    from  9  degrees,   in  the  second  (Fig.    15, b) 
from  10  degrees.         At   9  de^^rees,   the  animal  wag  -aoving  at   a  rate  of   1.75 
mm.  per  minute.         The  rate  was  accelerated  to  3.5  mm.  per  minute  as  soon 
as   the   tenperature  was  raised,   and  to   18  nn.   per  minute,   only  two  minutes 
after  the  ch:;.nge  in  tenperatare  had  been  affected.  In  the   second  case, 

the  animal  was  moving  at  a  rate  of  1.7  mm.  per  minute.  The  terqperature 

was  rising  more   slowly;  it  took  two  minutes  to  effect  the  change  from 

10  to  24  degrees.  During  this   time,    the  rate  of  the  animal  increased 

at   firet  to  5  and  then  to  6  run.   per  minute  and  in  the  next  minute   it 
reached  a  maximum  rate   of  10  mm.   per  minate.         A  comparison  of   these   two 
cases   is  'ill  the  more   instructive,   as   the   temperature   level  from  which 
the  change   of  tenperature  took  place  was  almost   the   sane  in  both  oases, 
namely  9  and  10  degrees,   and  the   rate  of  locomotion  of  both  amoebae  at 
the   low  tenroerature  was  about  equal,   1.75  nm.    and  1.70  nm.   per  minute 
respectively.         And  yet,   despite  this  equality  of  change   in  external 
condition  and  the  eq-oal  locomot.->r  activity  of  the  organism,   the  response 
was   so  much  greater   In  the   first  case   than  in  the   second. 
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Indlvldaal  LVl,    (Fig.    lB,o.  Perf irmaaoe  Record  and  3r»ph  LVI, 
ObflarTationa  36-38)    wan  moving  at  n  rate  of  9,3  mr..   per  nln-ita   at  a 
temperature  of  16»6  desroes.         When  the  tecperature  began  to  rise,    the 
rate  of  the  anlnal  decreased,    so   that  when  the  tertperature  had  reached 
29  deijrees,   the  rate  of  the  amoeba  was  3  mm.   per  minate.         This   rate 
continued  for  2^  minutes,   and  then  was  accelerated  to  5.6  nn.   per  minute. 
As  Indlvld'oal  LVI   Illustrates  a  sudden  retardation  in  rate  at  rising 
temperature,    so  Individual  LIII    (r'ig-,    15, d,  Perfornance  Kecord  and  Sraph 
mi.  Observations  91-94)    illustrates  v.  sudden  acceleration  in  rate. 
Itomediately  after   the  rise  in  tenperature  from  15.5  to  25  degrees,   the 
rate   increased  from  8  nm.   to  15.5  mm.   per  minute.  Individual  LIV 

(Fig.    15, e.   Performance  Eecord  and  (Jraph  LIV,  Observations  37-40)    or  the 
other  hand,  was  at  flret  retarded  in  Its  rate  and  then  rapidly  accelerated 
while  the  tenperature  rose   from  17  to  25.5  degrees. 

The  iirmediate  response  of  Anieba  to   sudden  less  extreme  changes  in 
ten^ierature   is  lll.istrated  by  the  graphs  reproduced  in  Fig.    16.        Individual 
Zilll    (Fig,   16, a.   Performance  Record  and  Graph  Xilll,  Observations  47-52) 
continued  its  alternation  of  accelerations  and  retardations,   despite   the 
rise   in   tenperature   from  2C  to  25  decrees.  iVhen  the  ten^ierature  rose 

from  25  to  28  degrees,   however,    the  rate  of  saune  individual   (Fig.   16, b. 
Performance  liecord  and  irapfaXXJUIl,  Observations  84-89)   was  accelerated 
gradually  from  6  to   11  mm.   per  minute.  The  rate   of  Individual  -KLVI 

(Fig.    16,0,  Performance  Lecord  and  3raph  jCLVI,   Observations  39-41)   was 
retarded  d-oring  a  rise   of  tenperatore  from  10  to   14  dejjrees.         The  rate 
of  the   same   individ'oal   (Fig.    16, d.  Performance  l.ecord  and  Jraph  XLVI, 
Observations  44-50)   was  also  retarded  during  a  rise  of  temperat-are   from 
14  to  18  decrees.         The  rate  of  Individual  /JtVI    (Fig,   16, e.  Performance 
Record  and  Jraph  XXVI,  Observations   65-70)   was  gradually  accelerated. 
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Clearlj'  th^n,  there  1p  no  iinlfornity  of  the  Irtmedlate  locomotor 
response  when  the  temperature  rises,  either  through  a  rather  ^reat  Interval 
of  about  10  det^rees,  or  through  a  small  Interval  of  2  de^-rees  or  less. 
In  general,  we  Duyy  soy, 

(1)  When  the  temperature  rises  from  a  rather  low  to  a  his/her  teinjeratare 
Amoeba  usually  responds  by  an  Increase  in  the  rate  of  locomotion. 

This  increase,  however,  does  not  seem  to  be  proportionate  to  the  degree 
of  chan^^e  of  tenperature.    A  chan^^e  of  rate  of  only  1  or  even  less 
millimeters  per  minute  may  be  coincident  with  a  chan^^e  of  terq^erature  of 
several  degrees. 

(2)  Sometimes  a  retardation  may  ensue  after  a  rise  In  tenperatare  of 
about  10  de^ees. 

(3)  The  character  of  the  response  seems  to  be  inde^iendent  of  the  height 
of  the  temperature  level  from  which  the  change  takes  place. 

(4)  'iVhen  the  change  of  temperature  is  one  of  only  3  or  4  de^frees, 
the  Amoeba  may  not  be  affected  by  it,  or  It  may  respond  by  an  increase  of 
rate,  or  by  a  decrease  of  rate. 
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C.  Influence  of  the  Khythm  on  the  Immediate  llesponBe  of  Amoeba 

to  a 
Change  of  Temperature. 

A  posei'blo  explanation  of  thle  apparently  anomalous  behavior  of 
Amoeba  has  already  been  Insinuated,  In  our  dlBcunsIon  ^f  thp  rhythm  of 
looomotion.    It  would  seem  highly  probable  a  priori,  and  the  susploioo 
is  corroborated  by  some  evidence  that  the  itnaedlute  response  of  Amoeba  to 
a  change  of  temperature  is  conditioned,  not  only  by  the  temperature  itrelf, 
by  the  extent  of  the  change,  and  by  the  terrperature  level  from  which  the 
chanjce  takes  place,  but  ulso  by  the  particular  phase  of  both  the  lon^-perlod 
and  the  short-period  rhythm,  in  which  the  organism  happens  to  be  at  the 
InstHnt  when  the  change  of  tenperature  takes  place.    The  data  at  hand  at 
present  can  do  little  more  than  corroborate  this  suspicion.    Thus,  we 
should  expect  quite  a  different  response,  if  the  temperature  is,  for 
example,  raised,  at  the  instant  when  the  rate  is  being  accelerated  than 
when  the  rate  is  being  retarded.    Again,  if  the  Amoeba  happen  to  be  on 
the  upward  grade  of  the  long-period  rhythm,  it  is  highly  probable  that  an 
increase  in  temperature  would  produce  a  greater  accelerating  effect  than 
when  it  Is  moving  on  the  downward  grade  of  the  long-period  rhythm.   This 
explanation  of  the  extreme  variations  of  Immediate  response  to  changing 
temperatures  is  not  offered  as  a  cor.olislve  one,  but  only  as  a  probable 
one,  and  its  truth  must  depend  on  the  interpretation  we  have  kjiven  of  the 
rhythmic  character  of  locomotor  activity. 
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2.   LOOOMOiax  RBaPONSE  Of  AiiOEBA  DUilNa  PffiaiOTLNCE 

in  a 
CHAKaED  TEMPEKATlilE 


We  have  Just  seen  that  there  Is  very  little  'uniformity  In  the 
Imnedlate  response  of  Amoeba  to  a  ohange  of  temperatvire.    There  Is  much 
fjrenter  uniformity,  however.  In  the  response  of  these  organisms,  if  they 
are  allowed  to  remain  in  the  changed  temperator©  conditions  for  soce  time. 
In  general,  tho.i*jh  the  animal  may  respond  to  a  chants©  of  ten^jeratore  In  a 
multiplicity  of  ways,  still.  If  the  temperature  is  increased.  It  will  be 
found  that  in  the  course  of  some  little  time,  the  avera^je  rate  will  in- 
crease; if  the  temperature  is  decreased,  the  average  rate,  too,  will  de- 
crease.   ?he  exact  quantitative  expression  of  this  response  we  shall 
discuss  in  the  next  part  of  this  paper,  when  we  treat  of  the  measure  of 
the  dependence  of  rate  of  locomotion  on  tenperature. 

The  general  statement  we  have  just  made  of  the  dependence  of  the 
average  rate  of  locomotion  on  ten^ierat-ore  is  in  conplete  harmony  with 
general  physiological  behavior.    The  immediate  response  of  an  animal  to 
a  change  of  environment  is  usually  characterized  by  an  "abnormal"  mode 
of  behavior.    It  is  only  when  the  animal  has  acclimatized  Itself  to  the 
new  set  of  conditions,  that  it  can  act  "normally"  again.    The  prevalence 
of  "shock  reactions"  in  widely  diverse  forms.  Is  but  -mother  illustration 
of  this  same  physiological  fact.    A  "shock  reaction"  is  only  terqiorary, 
and  after  the  "shooVr"  has  been  dissipated,  the  ortjanlsm  usually  resumes 
Its  "normal"  mode  of  behavior,  unless  the  conditions  are  found  to  be  too 
extreme. 

We  can  best  study  the  effect  of  the  persistence  of  Amoeba  in  a 
changed  tenperature,  by  ooisparing  the  average  rates  of  locomotion  in 
different  constant  teijperatures.    We  may  do  this, 

A)   by  coDfiaring  the  average  rates  of  locomotion  of  the  sazne  individual 
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In  different  oonstant   tenp<»ratiire8 ;   and 

B)      by  oomparin?  the  uvera-jo   rj.tee  of  looorrotlon  of  several  Indlvldualt 
In  different  oonstant   teraperatireB. 


A.  Comparative,  Average  Katea  of  Locomotion  of  the  oaCie  Indlvidial 

at 
Different  Consnant  Tenperaturee. 

In  the  oouree  of  this  Investigation,  It  was  freiiuently  possible 
to  subject  the  same  individual  to  a  nomber  of  different  temperatures. 
Thus,  Individual  XIV  was  studied  at  19.5  and  at  ZO   degrees;  Indlvldaal 
jam  was  studied  at  2C,  10.6,  12,  15.6,  16  and  10.5  de^jrees;  Individual 
LIl,  at  18  and  22  degrees;  Individual  LV,  at  26,  24  and  28  de^ees. 
Clearly,  If  we  detprralne  the  average  rate  of  locomotion  maintained  by 
a  given  individual  while  it  was  subjected  to  a  given  teiperature,  and  then 
conpare  this  rate  with  that  maintained  by  the  same  indlvldaal  at  a 
different  temperature,  we  may  arrive  at  a  fairly  acoorate  measure  of  the 
effect  of  tenperat'ure  upon  the  rate  of  locomotion. 

The  averap^e  rate  of  locomotion  per  minute  at  a  given  teiqjerature 
may  be  determined  by  dividing  the  total  distance  traversed  by  an  individual 
by  the  number  of  minutes  during  which  it  was  under  observation  under  that 
particular  condition.    The  information  necessary  for  this  may  easily  be 
found  from  the  performance  records,  and  it  has  been  summarized  in  Table  iilY, 
This  table  enables  us  to  compare  the  average  rates  of  locomotion  of  all 
the  Amoebae  studied  at  different  constant  temperatares.    Column  1  gives 
the  designation  of  the  individual;  Column  2,  the  temperatore  in  degrees  C 
maintained  d'xrlng  a  given  set  of  observations;  Column  3,  the  total  distance, 
in  nn.  traversed  by  an  iJidivldual  diiring  the  time  interval  given  in  Column 
4;  Column  6  finally  gives  the  average  rate  in  rtin.  per  minute. 

An  inspection  of  the  table  will  show  that  many  of  the  individuals 
illustrate  the  general  fact  that  the  rate  increases  with  rising  temperature. 
Individual  AjQ  ,  for  example,  moved  at  c   rate  of  5.69  per  minute  at  22.5, 
and  at  a  rate  of  5.67  inn.  per  minute  at  26  de'jrees.    Individual  Lll  coved 
at  a  rate  of  6.72  nra,  per  rainate  at  13  degrees,  and  at  a  rate  of  8,32  nni. 
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I  i.  B  L  £     XIV 


Average  Rates  of  Locomotion  of  62  Anoebae  at  Different 
Constant  i'erqperatures. 
Sarauarlzed  from  the  Performance  iieoords   isee  Appendix) 


Col-unn  1  -  Desi^ation  of  the  Individual  iRoman  ^aine^al3). 

Coluimi  2  -  The   temperatare  Tcaintained  during  a  aeries   of  observations. 

Colanm  3  -  The   total  distance  traversed  by  aa  individual  during  the 

interval  of  time  given  in  Column  4.* 
Column  4  -  The  time   interval  daring  which  an  individual  was  observed  at 

the  stated  temperature. 
Column  5  -  The  average  rate  per  minute,   in  ram.* 


•Apparent  values  -  To  reduce  to  real  values,   divide  by  61  -   (see  p.  28). 
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T  A  B  L  t     AlV 


1 

E 

8 

4 

6 

SvslgTmtlon 

Ten^eratur* 

Total 

Tim* 

Rate  llm. 

of  the 

De<?ree« 

Dlstenc« 

InterTal 

per  lUn. 

IndlTidaal 

C 

Urn. 

Uln. 

I 

9 

30.0 

22 

1.36 

S4 

56.0 

7 

7.86 

10 

18.6 

14 

1.32 

Ei 

30.5 

4 

7.63 

10 

10.5 

10 

1.05  - 

26 

26.5 

3 

8,60 

10 

7,6 

4 

1.88 

II 

U 

33.5 

5 

6.70 

10 

36.0 

10 

3.60 

SO 

58.5 

7 

6.36 

III 

22 

71.0 

8 

8.87 

10 

63.25 

39 

1.62 

26 

44.5 

4 

11.10 

11 

79.5 

28 

2.64 

26 

59.0 

7 

8.43 

11 

28.5 

26 

1.10 

V 

20 

32.0 

4 

8.00 

10 

24.5 

16 

1.53 

26 

44.0 

6 

7.33 

10 

20.0 

9 

2.22 

20 

48.0 

7 

6.86 

10 

33.0 

8 

4.13 

6 

26.0 

9 

2.78 

20 

60.6 

7 

7.21 

TI 

20 

85.5 

8 

10.69 

9.6 

31.0 

16 

1.94 

24 

99.0 

13 

7.62 

10 

35.0 

16 

2.20 

24 

89.6 

8 

11.20 

10 

11.6 

20 

.66 

20 

61.5 

8 

6.44 

10 

28.0 

12 

2.33 

24 

2;?. 6 

6 

4.60 

IX 

18 

11.0 

e 

2.20 

25.5 

43.0 

9 

4.78 

24 

16.6 

2 

7.75 

10.5 

34.0 

30 

1.13 

24.5 

41.0 

12 

3.4.2 

14.5 

5.0 

6 

.63 
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1 

2 

8 

4 

6 

De  si  nation 

Tonqieratare 

Total 

Time 

of  the 

Degree a 

Distanca 

Interval 

Rate  linu 

IndlTldual 

C 

Un. 

Mln. 

per  llln. 

Z 

19.6 

40.0 

7 

5.71 

1C.6 

9.6 

9 

1.06 

10 

16.6 

6 

3.10 

23.5 

31.0 

4 

7.75 

11.6 

14.6 

8.76 

1.66 

24 

34.0 

4 

8.60 

16 

32.0 

20 

1.60 

n 

16.5 

48.6 

6 

8.10 

11 

36.0 

10 

3.60 

23 

99.6 

11 

9.04 

10 

84.5 

19 

4.46 

8 

32.0 

20 

1.60 

23 

64.0 

9 

7.10 

XII  19.5  418.0  89.46  4.67 


XIII 


XIV 


3W 


XVI 


20 

139.5 

58.75 

2.37 

£6 

34.5 

20 

1.72 

16 

35.0 

16 

2.33 

16 

10.5 

4.5 

2.33 

14 

20.0 

8 

2.60 

24 

15.0 

5 

3.00 

20 

36.5 

29 

1.26 

19.5 

9.0 

6 

1.10 

18 

11.6 

4 

2.90 

18.5 

96.0 

29 

3.31 

10.5 

97.5 

31 

3.16 

11 

149.5 

44 

3.40 

10 

23.5 

22 

1.07 

10.6 

11.0 

7 

1.67 

10 

33.5 

40 

.84 

26 

7.5 

12.5 

.60 

20 

100.6 

46 

2.18 

26 

41.0 

10 

4.10 

27 

17.5 

8 

5.80 

26 

16.0 

2 

7.50 

24 

42.0 

7 

6.00 

26 

9.0 

2 

4.60 

26 

12.0 

2.5 

4.80 

26 

44.0 

5 

8.30 
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1 

2 

8 

4 

6 

D«8i(?natlon 

T«mp«ratare 

Totnl 

Tine 

Rate  Um. 

of   the 

Deti:re«B 

Distanofl 

Interval 

per  llln. 

Individual 

C 

Mm. 

Min. 

X7I 

ao 

95.0 

14.46 

6.67 

28 

88.5 

17.66 

5.01 

11 

16.0 

57.6 

.28 

6 

73.5 

49 

1.50 

16 

33.5 

10 

3.36 

80 

79.6 

16.25 

4.37 

XVII 

20 

230.5 

25.24 

6.64 

16 

134.0 

92 

1.61 

15.5 

20.0 

21 

.96 

20.5 

41.5 

34.5 

1.20 

XVII    (a) 


15 


36.5 


20 


1.83 


XVIII 


20 

179.5 

67,6 

2.66 

16 

370.0 

116 

3.22 

20 

100.0 

28.5 

3.50 

XIX 


20 


144.5 


44 


3.30 


XX 


XXI 


XXII 


XXIII 


XXIV 


20 

129.0 

51.6 

2.50 

11 

64.0 

46 

1.42 

22.5 

271.5 

46.5 

5.59 

26 

317.6 

66 

6.67 

22 

304.0 

29 

10.. '.8 

26 

615.0 

55.6 

11.08 

6 

14.0 

6 

2.33 

22.5 

64.0 

11 

7.64 

22 

35.0 

3 

11.67 

20 

162.0 

28.6 

6.33 

25 

331.0 

32.06 

10.32 

26 

172.0 

19 

9.00 

25 

96.0 

11.5 

8.35 

23 

23.0 

6 

4.60 

16 

29.0 

6 

5.60 

23 

236.0 

27.6 

8.58 

20 

289.0 

30.6 

9.48 
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1 

2 

8 

i 

e 

D«Bl;iuitlon 

Teiqparatura 

Tot.il 

Time 

Bute  Uffl. 

of  the 

De^ees 

Distance 

Interval 

por  Uln. 

Individual 

C 

ybttt 

Uln. 

XJCi 

20 

73,0 

9 

8.10 

17 

16a. 5 

27.25 

e.20 

16 

d.O 

29 

.ze 

XXVI 

21 

194.0 

26 

7.47 

24 

175.0 

34 

5.16 

26.5 

104.0 

19 

5.47 

2? 

34.0 

14.5 

2.36 

19 

64.0 

33.5 

1.91 

20 

32.0 

7 

4.57 

XX7II 

21 

204.0 

29 

7.03 

15 

69.0 

13 

6.30 

XXVII    (a) 

21 

171.0 

23.5 

7.29 

XXVIII 

21 

113.5 

27.6 

4.13 

23 

28,5 

6.75 

4.22 

24 

123.0 

23 

6.30 

27 

30.5 

6.66 

4.60 

26 

37.5 

6 

6.26 

30 

29.0 

6.5 

5.30 

32 

22.0 

e 

4.40 

23 

5.0 

2 

3.00 

XXVIII   (a) 

24 

30.0 

3.66 

8.22 

28 

41.0 

6 

6.63 

xnx 

21 

63.0 

14 

4.50 

18 

31.0 

12 

2.68 

XVL 

20 

171,0 

27 

6.33 

26 

122.0 

27 

4.52 

27.5 

96.0 

13 

7,30 

22 

160.5 

15 

10.70 

20 

98.6 

16 

6.16 

16 

12.0 

2 

6. CO 

15 

144.5 

29 

4.98 

27 

30.0 

12 

2.60 

XXXI 

20 

142.5 

40 

3.66 

27 

66.0 

6 

11.00 

25 

173.6 

23.6 

7.38 

16 

16.0 

3 

5.33 

»    / 
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1 

Designation 

of  the 
Individual 

2 

Teiqperature 

Degrees 

C 

3 
Total 
Distance 
Mnu 

4 

Time 

Interval 

Uin. 

6 
hate  Urn. 
per  kin. 

iHJLll 

U 
6 

20 

73.0 
21.0 
18.0 

30 
28.5 
8 

2.43 

.74 

2.25 

XXXIII 

20 
26 

102.5 
85.0 

29.5 
9.25 

3.47 
9.19 

XXXIV 


26 


111.0 


17.58 


6.31 


XXX7 


22 

222.0 

53 

6.73 

17.5 

16.0 

4 

4.00 

17 

76.0 

21 

3.62 

19 

77.0 

15 

5.13 

9.5 

5.5 

11 

,50 

10.6 

46.0 

13.16 

3.50 

ZXXVI 


20 


237,0 


31 


7.6C 


XXXVII 

21 

40.0 

16 

2.60 

15 

16,5 

14 

1.18 

XXXVIII 

21 

137.0 

19 

7.20 

9.5 

83.5 

34 

2.46 

16 

48.5 

18 

2.70 

9.6 

8.0 

6 

1.33 

14 

14.0 

7 

2.00 

17.5 

16.0 

8 

2.00 

XXXVIII    (a) 

16 

68.0 

20 

2.90 

XXXIX 

19.6 

134.6 

24.96 

5.39 

11 

5.0 

6 

.63 

12 

9.5 

3 

3.20 

13 

10.0 

4 

2.60 

14 

19,0 

6 

2.38 

IS 

73.0 

22 

3.32 

12 

23.0 

10 

2.30 

IL 

21 

96.6 

17 

5.70 

20 

134.5 

22 

6.11 

12.5 

120.0 

28 

4.28 
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1 

2 

8 

4 

6 

Designation 

Ten:j.>eratiire 

Total 

TiflM 

Kate  Mm. 

of  the 

Degrees 

Distuuoe 

luterval 

per  llin. 

IndlTld'oal 

C 

Um. 

li^n. 

XL 

9 

10.5 

7 

1.60 

9.5 

7.0 

5 

1.40 

10.5 

43.0 

14.76 

2.92 

15 

59,0 

21 

2.80 

XLI 

22 

181.6 

23 

7.89 

21.5 

100.0 

8 

12.60 

10 

10,0 

6 

1.66 

11 

8.0 

7.6 

1.C7 

IS 

179.0 

43.6 

4.11 

16 

77.0 

26 

2.96 

20.5 

65.0 

20 

2.75 

29 

6.0 

2 

3.00 

27 

83.0 

23.6 

3.53 

19.5 

13.0 

10.5 

1.24 

U 

15.0 

4 

3.75 

XLII 

80 

22.0 

3 

7.30 

16.5 

7.0 

2 

3.60 

16 

107.0 

23 

4.66 

XLIU 

20 

90.0 

26 

5.60 

10.5 

42.5 

24.6 

1.73 

12 

12.0 

16 

.75 

15.5 

26.0 

16 

1.73 

20 

101.0 

23.6 

4.30 

16 

44.5 

30.6 

1.46 

10.5 

5.0 

9 

.66 

XLIV 

16 

83.0 

20 

4.16 

16 

62.5 

16 

3.90 

16 

2.0 

2 

1.00 

16 

6.0 

2 

3.00 

13.8 

8.0 

7 

1.14 

ELY 

17 

70. V 

15.5 

4.52 

12.5 

50.0 

21 

2.38 

14 

19.0 

10 

1.90 

16 

20.0 

4 

6.00 

13.8 

15.0 

6 

2.50 

12 

32.5 

22 

1.50 

11 

13.0 

30 

.43 

IS 

14.5 

31 

.47 
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1 

2 

8 

4 

6 

Dflsignatlon 

Ten55orataro 

Total 

Time 

Bate  Uo. 

of  the 

D6gre»a 

Distance 

Interval 

per  Uin. 

Indlvldaal 

C 

Urn. 

liin. 

XLVI 

u 

84.6 

18 

4.70 

14. 

6 

67.0 

12 

6.58 

IC 

14.0 

4 

3.60 

12 

16. C 

9.6 

1.68 

10 

33.6 

20 

1.68 

14 

62.0 

19 

3.26 

18 

118.6 

28.6 

4.16 

16 

118.0 

26 

4.22 

ALYll 

18 

379.0 

42.4 

3.94 

26. 

5 

168.0 

19.1 

8.80 

13. 

5 

82.0 

21 

3.90 

19 

102.0 

10.06 

9.70 

SLTlll 

20. 

6 

72.0 

11 

6.56 

16 

26.0 

4.5 

6.78 

8. 

6 

3.0 

1.6 

2.00 

14 

31.0 

8.5 

3.65 

16. 

6 

39.0 

16.5 

2.60 

21 

10.0 

5 

2.00 

XLIU 

18 

70.6 

16 

4.40 

12. 

5 

33.0 

16 

2.06 

14 

26.0 

16 

1.63 

L 

21 

18. 0 

9.6 

1.90 

18 

89.0 

42 

2.10 

LI 

19 

103.  C 

24.5 

4.20 

16, 

,5 

112.5 

35 

3.21 

18, 

,5 

71.6 

22.6 

3.18 

16. 

,6 

23.0 

8 

2.88 

14. 

.5 

28.6 

10 

2.86 

10. 

>6 

7.5 

11.75 

.64 

12. 

,5 

24.6 

19 

1.29 

16 

14.6 

7.6 

1.93 

LII 

18 

181.6 

27 

6.72 

22 

129.0 

15.6 

8.32 

LIII 

18 

33.0 

6 

6.50 

19 

118.0 

15.5 

7.61 

22 

149.6 

16 

9.35 

27 

86.0 

20.6 

4.19 
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1 

2 

3 

4 

5 

Designation 

Temperature 

Total 

Tlae 

hate  iim. 

of   th« 

Degrees 

Di  etanon 

InterTal 

per  Uin. 

IndiTldual 

G 

jilni. 

Uin. 

LIII 

25.5 

86.5 

20.5 

4.22 

Zl 

82.6 

23 

3.60 

17 

164.6 

35.5 

5.20 

26 

54.0 

9 

6.00 

LIV 

19 

27.0 

4 

6.75 

S4 

183.0 

20.5 

8.93 

17 

101.0 

25.5 

3.96 

25.5 

197.0 

17.5 

11.30 

27.5 

86.5 

18 

4.90 

26.5 

149.0 

17 

0.76 

L7 

26 

74.5 

12.6 

5.96 

2S 

138.0 

34.5 

4.00 

£4 

108.0 

23.5 

4.60 

28 

87.0 

18 

4.83 

LVI 

18 

218.5 

26.6 

7.66 

16.5 

206.0 

26.6 

7.20 

29 

156.5 

29.6 

5.37 

26 

67.0 

12 

5.58 

23 

32.0 

9 

3.56 

21 

97.0 

21 

4.62 

20 

14.0 

4 

3.50 

LVII 

19.5 

135.0 

31.5 

4.29 

16 

56.6 

23.5 

2.40 

16 

28.0 

14 

2.00 

LVIIl  22  203.0  37,6         5.40 


LIX  20  37.5  7.5         5.00 

21.5         132.5  24  5.52 
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par  minute  at  22  dejreea. 

Similarly,  'A-e  find  ab  indant  oonf IrnvLt.  I  in  if  t-.hr.  :©neral  atatement 
that  the  rate  of  Amoeba  deoroi^ees  with  faiiliitj  tooj/eiat  ire.    Thus, 
Indlvldaal  aJl  moved  at  a  rate  of  2.50  nm.  per  minute  at  20  de^jrees  and  at 
a  rate  of  1.42  mm.  per  minute  at  11  degrees.    Indlvldaal  aaVII  moved  at 
a  rate  of  7.03  per  minute  at  21  degrees  and  at  a  rate  of  5.30  nm.  per 
minute  at  15  degreoa. 

In  these  sevaral  instances,  we  have  mentioned  individuals  that  were 
observed  ^t  two  teraperatxres  only.    Individuals  which  were  observed  at 
several  temperatures,  j-lso,  even  when  periods  of  rising  alternated  with 
periods  of  falling  tenperatures,  may  illustrate  the  general  conclusion. 
Thus,  Individual  AJLiV  was  subjected  successively  to  22  degrees  for  33 
minutes,  to  17.5  degrees  for  4  minutes,  to  17  degrees  for  21  minutes,  to 
19  degrees  for  15  minutes,  to  9.5  degrees  for  11  minutes  and  finally  to  10.5 
degrees  for  13.16  minutes.    During  these  various  periods,  the  average  rate 
varied  in  the  sane  way  as  the  temperature,  the  rates  being  successively, 
6.73,  4.00,  3.62,  5.13,  9.59  and  3.50  mm.  per  minute. 

Such  Instances  of  regularity  in  the  changes  of  value  of  the  average 
rates  of  locomotion  with  tenperat'.ire  were  rather  i'req.uent,  but  divergencies 
from  such  regularity  were  much  more  freq.a0nt,  especially  when  the  same 
Individual  was  subjected  to  a  series  of  tenj^eratures.   As  an  illustration 
of  this  point,  we  may  compare  the  average  rates  at  which  Individual  aa-YIII 
moved.    As  the  ten^jerature  rose  from  21  to  "3  and  then  to  24  degrees, 
the  rate  increased  from  4.13  mm.,  then  to  4.22  ram.  and  then  to  5.30  mm.  per 
minute.   A  f'urther  rise  in  teiqperature,  however,  to  27  degrees,  did  not 
effect  an  Increase  in  rate,  but  rather  a  decrease  below  that  maintained  at 
24  de  ^ees,  namely  a  decrease  to  4,60  mm.  per  minute.   As  the  temperi-ture 
rose  to  28  degrees,  the  rate  also  increased  but,  again,  a  further  increase  in 
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tem.'erature  to  30  de.jreaa,  and  then  to  32  de^^eei,  broLj^ht  about  a 

farther  reduction  In  rate  of  5.30  and  4.40  mm.  per  minute.    At  a 

final  temperature  of  23  det^'ees,  the  animal  was  moving  at  a  rate  of  3.00 

mm.  per  minute,  muoh  more  slowly  than  it  did  at  21  det^ees  at  the  be^loaing  of 

tlie  experiment. 

iJhip  InstaTiCe  Is  instructive  for  several  reasons.    The  time 
irtervals  for  v/hlc"i  these  various  rates  were  determined  were  rather  brief, 
being  only  5  and  6  minutes  except  In  the  case  of  temperatvres,  21  and  24 
degrees.         It  is  probable  that  the  record  of  the  locomotor  activity 
of  this  individual  would  have  been  considerably  modified,  if  It  had  been 
observed  for,  say,  half  an  hour  in  each  temperature.  In  this  case,  a^ain, 
the  same  caution  must  be  given,  which  has  been  repeated  so  often  before, 
that  a  considerable  time  interval  miaet  be  allowed  to  elapse  before  v.e 
can  make  a  definite  statement  about  the  locomotor  activity  of  this  orfjanism. 
It  is  probable  that  many  of  the  anomalous  cases  of  this  character  which 
may  be  found  in  the  table  we  are  studying,  may  find  their  explanation  in 
the  fact  that  the  effects  of  the  temperature  were  masked  by  the  rhythic, 
and  that  the  time  intervals  during  which  the  observations  were  made  were 
too  short  to  enable  the  average  rate  to  efface  offoctlvely  the  variations 
due  to  such  periodioity. 

The  instance  of  Individual  XXVIII  which  ^-e  are  discussing  mi  rht 
lead  to  the  further  suspicion  that  a  decreasing  rate  of  locomotion  even  at 
a  rising  tenperature  may  be  due  to  a  prolongation  of  the  period  of  locomotor 
activity.    We  should  expect,  in  other  words,  that  the  animal  would  be 
less  responsive  to  a  change  of  environicent  after  a  prolonged  period  of 
locomotor  activity.    That  this  Is  not  necessarily  the  case.  Is  shown  by 
the  record  of  Individual  XaX.    After  it  had  been  observed  lor  67  minutes, 
at  teraperat^ires  of  20,  25  and  27.5  decrees,  it  attained  a  rate  at  22  degrees 
which  was  much  higher  than  any  previous  one. 


-116- 

Henoo,    for   the  same   Individual  aubjeoted  to  Tarloas  terai;eratar<»i, 

(1)  The  averaij^e  rate  of   looomotlon  for  i)rolon;jed  tine   Intervale  uaually 
Increaees  with  rising  and  decreases  wj  th  falling  tennjeratiire. 

(2)  At  timee,   however,   an  increase   in  the   terriperatare  nay  be  followed 
by  a  decrease  in  the  avera*?e  rate,   and  a  decreape   in  terrperat ore,   by  an 
increase  in   the  nvera^je  rate. 

(3)  The  avera^  rate  of   locomotion  In  a  series  of  saocessive  changing 
temperatures  may  exhibit  decided  anomalies. 
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B.  Conparatlve  Averatje  Kates  of  Looomotlon  of  All  Indlvldarila 
at  Different  C instant  Ternjeratirec. 

To  make  the  <?eneral  trend  of  the  resalts  of  thle  InvoBtigution 
more  obvious.  Table  XIV,  In  which  the  avora-e  rates  of  locomotion  at  con- 
stant temperat Ares  ji  an   oi'  une  amoebae  ased  lii  cnis  stao^'  wore  ^oiped 
onder  the  respective  desl^ation  of  the  Individuals,  has  been  recast. 
Table  XV,  therefore,  embodies  the  eame  data  that  wero  presented  in  Table  ^V, 
with  this  difference,  however,  tnit  In  Table  XV  the  data  are  j^roaxea  ander 
the  vaLrious  tenperatares  at  which  stidles  were  icade.    The  data  given  in 
this  table  are  plotted  in  i'ig.  17,    In  this  figure,  ten^jeratores  are  plotted 
as  abscissas,  and  rates  of  locomotion  as  ordlnates,  and  each  average  rate 
which  is  listed  in  Table  XV  is  indicated  along  the  ordinate  for  its  proper 
tenperature  by  a  small  circle. 

a)   Value,  as  Evidence,  of  the  whole  Mass  of  Data 

Since  Table  XV  and  Fig.  17  embody,  explicitly  or  implicitly,  all  the 
observations  that  were  made  on  the  effect  of  temperat ire  on  the  rate  of 
locomotion,  it  might  be  well  to  comment,  first  of  all,  on  some  of  the 
purely  "mechanical"  details  of  our  mass  of  data,  on  their  value,  as  evidence 
in  this  investigation.    Two  hundred  and  seventy-eight  average  rates  are 
presented  in  Table  XV  and  are  plotted  in  Fig.  17.    These  average  rates  were 
determined  from  the  study  of  62  amoebae,  at  18  different  temperatures, 
practically  at  all  half-degree  intervals,  between  6  and  32  de-jrees. 

It  will  be  noted  in  r'is.  17  that  a  great  mar^  more  average  rates 
are  given  for  some  of  the  teirperatures  than  for  others.    Thus,  to  taie 
extreme  oases,  for  20  degrees,  31  average  rates  are  plotted,  while  for 
18. E  degrees  only  one  avera^je  rate  is  plotted.    It  will  be  noted  that  in 
general  many  more  readings  are  -^Iven  for  the  /.hole  than  for  tne  naif  decree 
tetn)erata-es.    The  reason  for  this  uneveuess  in  the  data  Is  the  obvious 
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'jJ  A  a  L  E  JCV 


Tenperatores  at  .ililch  the  hate  of  Locomotion 
of  Amoebae  Were  Observed 


Column  1  -  The  Tenqperature 

Column  2  -  Designation  of  the  Individuals 

Goronm  3  -  Total  Dlstanoe  Traversed  at  the  Stated  Tenjieratare* 

Column  4  -  Duration  of  the  Period  of  Locomotion 

Column  5  -  Average  Rate  of  Locomotion* 


*In  these  columns,  apparent  values  are  given  -  To  reduce  to  actual  values, 
divide  by  frl  (see  p.  28). 


TABLE    XV 


Tempercttire 

No.   of 

Total 

Time 

Rate  Mrr.. 

D«(jreo8 

Individual 

Distance 

Interval 

pe 

r  Mln. 

C 

Mm. 

Uin. 

6 

V 

25.0 

9 

2.78 

It 

nj.1 

w.o 

6 

2.33 

It 

XXXII 

21.0 

28.6 

.74 

8 

ZI 

82.0 

20 

1.60 

II 

xn 

73.5 

49 

1.50 

8.5 


iLVIII 


3.0 


1.5 


2.00 


9 

I 

30.0 

22 

1.36 

It 

XL 

10.5 

7 

1.50 

9.5 

VI 

31.0 

16 

1.94 

It 

XXXV 

5.5 

11 

.50 

It 

XXXVIIl 

83.5 

34 

2.46 

N 

x^;viii 

8.0 

6 

1.33 

It 

XL 

7.0 

5 

1.40 

10 

I 

18.5 

14 

1.32 

If 

I 

10.5 

10 

1.05 

It 

I 

7.5 

4 

1.68 

It 

II 

38.0 

10 

3.80 

It 

III 

63.25 

39 

1.62 

It 

V 

24.5 

16 

1.53 

I* 

V 

20.0 

9 

2.22 

n 

v 

33.0 

6 

4.12 

•t 

71 

35.0 

16 

2.20 

N 

VI 

11.5 

20 

.58 

It 

VI 

28.0 

12 

2.33 

It 

X 

15.5 

6 

3.10 

It 

XI 

84.5 

19 

4.45 

It 

XV 

23.5 

22 

1.07 

It 

XV 

33.5 

40 

.83 

It 

XLI 

10.0 

6 

1.66 

It 

XLVI 

14,0 

4 

9.50 

N 

XL  VI 

33.5 

20 

1.67 

10. R 

IX 

34.0 

30 

1.13 

It 

X 

9.5 

9 

1.05 

w 

x/ 

^7.5 

31 

3.14 

It 

X7 

11.0 

7 

1.57 

It 

:ca7 

46.0 

13.16 

3.50 

•t 

XL 

43.0 

14.76 

2.92 
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Teraperatore 

No.    of 

Total 

Tln» 

Bat*  Um. 

Dctfrnes 

Individual 

Dlstanoe 

Interval 

p«r  Uln. 

C 

kiin» 

illn. 

10.6 

XLIII 

42.5 

24.6 

1.73 

•* 

jam 

5.C 

9 

.£5 

LI 

7.5 

11.75 

.64 

11 

III 

79.5 

26 

2.84 

n 

III 

28.5 

26 

1.10 

N 

u 

36.0 

10 

3.60 

n 

XV 

149.5 

44 

3.40 

N 

XVI 

16.0 

57,5 

.28 

N 

u. 

64.  C 

45 

1.42 

« 

iojax 

5.0 

6 

.83 

N 

XLI 

a.o 

7.5 

1.07 

W 

jav 

13.0 

30 

.43 

11.5 


14.5 


8.75 


1.66 


12 

XXXIX 

9.5 

3 

3.20 

N 

X.\XIX 

23.0 

10 

2.30 

N 

XLIII 

12.0 

16 

.75 

m 

XLV 

32.5 

22 

1.60 

H 

XLVI 

16.0 

9.6 

1.69 

12.6 

XL 

120.0 

26 

4.28 

It 

JiLV 

50.0 

21 

2.38 

M 

XLIX 

33.0 

16 

2.06 

W 

LI 

24.6 

19 

1.29 

15 

X.iXIX 

10.0 

4 

2.60 

n 

jCLI 

179.0 

43.5 

4.11 

N 

XLV 

14.5 

31 

.47 

13.5 

XLVI  I 

82.0 

21 

3.90 

II 

LI 

71.5 

22.5 

3.17 

13.8 

.XLIV 

a.o 

7 

1.14 

>« 

)av 

15.0 

6 

2.50 

14 

XIII 

20.0 

8 

2.50 

w 

XXXII 

73.0 

80 

2.43 

1* 

XXX  vm 

14.0 

7 

2.00 

« 

XXXIX 

19.0 

6 

2.38 

If 

XLV 

19.0 

10 

1.90 

M 

XLVI 

6\,b 

16 

4.70 
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Temperature 

Ko.   of 

Votal 

Time 

hate  Urn. 

Donees 

IndiTldual 

Distance 

Interval 

per  Uln. 

0 

Mm. 

llln. 

u 

XLVl 

62.0 

19 

3.65 

N 

XLVIII 

31.0 

8.5 

3.64 

N 

/Xli 

26.0 

16 

1.63 

If 

XLI 

16.0 

4 

3.75 

14.5 

IX 

5.0 

« 

.83 

N 

XL  VI 

67.0 

12 

5.58 

N 

LI 

28.5 

10 

2.86 

16 

II 

33.5 

6 

6.70 

N 

X 

32.0 

20 

1.60 

n 

XIII 

35. 0 

16 

E.33 

N 

XVII 

134.0 

83 

1.61 

It 

r/ii  (a) 

S6.5 

20 

1.83 

N 

XXIIl 

23.0 

5 

5.60 

N 

XXVII 

69.0 

18 

5.. 'SO 

M 

XXX 

144.5 

29 

4.9fl 

n 

xx.a 

16.0 

3 

6.33 

n 

:i:lcvii 

16.5 

14 

I.IP 

1* 

XXXIX 

73. C 

22 

3.32 

•t 

XL 

69.0 

21 

2.80 

N 

XLI 

77. C 

26 

2.96 

W 

XLV 

20.0 

4 

5.00 

N 

LI 

14.5 

7.5 

1.93 

15.5 

XI 

48.5 

6 

8.10 

1* 

XVII 

20.0 

21 

.95 

I* 

XLIII 

26.0 

15 

1.73 

N 

XLVill 

39.0 

15.5 

2.60 

It 

LI 

23.0 

8 

2.Q7 

16 

Xill 

10.0 

4 

2.?3 

N 

:wi 

33.5 

10 

3.35 

•t 

XVIII 

37C.0 

11.6 

3.22 

N 

XXV 

8.0 

89 

.28 

N 

XXX 

12.0 

2 

6.00 

n 

xxx-ziii 

48.6 

16 

2.70 

N 

xxr/iii  u) 

58.0 

£0 

2.90 

N 

XLII 

107.0 

23 

4.6£ 

N 

XLIII 

44.5 

30.5 

1.46 

N 

XLIV 

70.6 

20 

3.62 

N 

XLVI 

118.0 

26 

4.21 

>• 

>-LVl*i 

26,0 

4.5 

6.77 

H 

LVIl 

56.6 

23.5 

2.40 

I 
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Temperature 

Ro.   of 

Tot-l 

Time 

Eato  Va.. 

Desrro-^e 

Indivldoal 

Dlotonco 

InterTal 

per  llin. 

C 

Ur.. 

tin. 

16.5 

:a.ii 

7.0 

3.60 

M 

Li 

112.5 

35 

3.21 

N 

LVI 

206.0 

28.6 

7.20 

17 

ua 

163.6 

27.25 

6.20 

n 

aXX7 

76.0 

21 

3.62 

H 

JL.V 

7C.0 

15.5 

4.52 

•t 

mi 

184.6 

35.5 

5.20 

N 

LIV 

ICl.O 

25.5 

3.93 

17.6 

XiUV' 

16.0 

4 

4.00 

It 

iXAVIU 

16.0 

8 

2,00 

18 

IX 

11.0 

5 

2.20 

II 

27 

11.6 

4 

2.90 

N 

XXU 

31.0 

12 

2.68 

1* 

XLIY 

93. C 

20 

4.15 

M 

XLVI 

118.5 

28.5 

4.16 

N 

XLVII 

379.0 

42.4 

8.94 

m 

vili 

70.5 

16 

4.40 

n 

L 

89.0 

42 

2.10 

N 

LII 

181.5 

27 

6.72 

•t 

LIII 

33.0 

6 

6.60 

n 

LYI 

218.6 

28.5 

7.66 

H 

LVII 

28.0 

14 

2.C0 

18.5 


XT 


96.0 


29 


S.^il 


19 

;lv;i 

64.0 

33.6 

1.91 

t» 

XiUV 

77.0 

15 

6.13 

n 

aLVII 

102.0 

10.05 

9.70 

n 

LI 

103.0 

24.6 

4.20 

»t 

LIII 

113.0 

15.6 

7.61 

It 

U? 

27.0 

4 

6.75 

19.6 

X 

40.0 

7 

6.71 

H 

XII 

418.0 

89.46 

4.67 

11 

nv 

9.0 

8 

1.10 

n 

AiXIi 

134.5 

r:4.96 

6.59 

n 

^A 

13.0 

1C.5 

1.23 

m 

LVII 

135.0 

31.5 

4.29 

20 

II 

58.6 

7 

8.36 

ti 

V 

32.0 

4 

8.00 

w 

V 

49. C 

7 

6.66 

N 

7 

5C.6 

7 

7.21 
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TBiqp«ratiir© 

Ho.    Of 

Total 

Time 

Kate  Un. 

Degrees 

IndlYidual 

Distance 

Interval 

per  ilic. 

C 

mIiSi 

kin. 

20 

VI 

86.6 

8 

10.69 

It 

VI 

51.5 

8 

6.44 

N 

XIIl 

139.6 

58.75 

2.37 

M 

nv 

36.5 

29 

1.26 

N 

XVI 

100.6 

46 

2.18 

n 

XVI 

79.6 

19.26 

4.37 

n 

XVII 

230.5 

35.24 

6.54 

n 

XVIII 

179.5 

67.5 

2.66 

N 

XVIII 

100.0 

28.5 

3.60 

It 

XIX 

144.5 

44 

3.30 

n 

XX 

129.0 

51.5 

2.60 

m 

XXIII 

162.0 

28.6 

6.33 

N 

XXIV 

289.0 

30.5 

9.48 

N 

XXV 

73.0 

9 

8.10 

M 

XXVI 

32.0 

7 

4.67 

•t 

XXX 

171.0 

27 

6.33 

N 

XXX 

96.6 

16 

6.16 

M 

XXXI 

142,5 

40 

3.56 

N 

XXXII 

18.0 

8 

2.26 

N 

XXXIII 

102.5 

29.5 

3.46 

It 

XXXVI 

237.0 

31 

7.60 

N 

XL 

134.5 

22 

6.11 

N 

XLII 

22.0 

3 

7.30 

N 

XLIII 

90.0 

25 

3.60 

N 

XLIIl 

101.0 

23.5 

4..'^0 

N 

LVI 

14.0 

4 

3.50 

N 

LIX 

37.5 

7.5 

6.00 

20.5 

XVII 

41.5 

34.5 

1.20 

It 

XLI 

55.0 

20 

2.75 

n 

XLVIII 

72.0 

11 

6.56 

21 

XXVi 

194.0 

86 

7.47 

N 

XXVII 

2'-)4.0 

29 

7.03 

•t 

XXVII    la) 

171.0 

23.5 

7.28 

■ 

XXVIIl 

113.5 

27.6 

4.13 

M 

XAIX 

63.0 

14 

4.50 

«t 

XXXVII 

40.0 

16 

2.50 

It 

XAXVIII 

137.0 

19 

7.20 

1* 

XL 

96.5 

17 

6.70 

M 

XLVIII 

10.0 

6 

2.00 

It 

L 

18.0 

9.6 

1.90 

• 

LVI 

97.0 

21 

4.62 

21.5 

XLI 

100.0 

8 

12.60 

If 

LIX 

132.5 

24 

6.62 
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Teiq>sr«ture 

Ko.    of 

Total 

Time 

Kate  Mm. 

Degrees 
C 

IndlTldoiil 

Dljtanoe 

Interval 

per  Uln. 

UlD. 

Uln. 

82 

III 

71.0 

8 

8,67 

N 

/JUI 
JOIII 

304.0 
36.0 

29 
3 

10.46 
11.67 

N 
W 

XJUt 
XXAV 

XLI 

160.5 
222.0 
181.5 

15 
33 
23 

10.70 
6.75 
7.89 

Lli 

129.0 

15.5 

6.32 

•• 

LIII 

149.5 

16 

9.35 

19 

LVIII 

203.0 

37,6 

5.40 

22.5 

XXI 

271.5 

48.5 

5.69 

tt 

XXIII 

84.0 

11 

7.64 

U 

XI 

99.6 

11 

9.06 

It 

XI 

64.0 

9 

7.10 

It 

XXIII 

23,0 

5 

4.60 

It 

XXIV 

236.0 

27.5 

8.58 

It 

XXVI 

34.0 

14,5 

2.35 

It 

XXVIII 

28.5 

6.76 

1.22 

It 

XXVIII 

6.0 

2 

3.00 

It 

LVI 

32.0 

9 

3.56 

23.5 


31.0 


7.75 


24 


M 
N 
N 
N 
• 
It 
•» 
It 
M 
If 

m 


I 

65.0 

7 

7.86 

I 

30,6 

4 

7.63 

VI 

99,0 

18 

7.62 

VI 

89.6 

8 

11.20 

VI 

22.6 

6 

4,50 

IX 

15.5 

2 

7.75 

X 

34.0 

4 

8.60 

XIII 

16.0 

6 

3.00 

XVI 

42.0 

7 

6.00 

XaVI 

175.0 

34 

6.15 

XXVIll 

123,0 

23 

6.30 

XXVIll    (a) 

30.0 

3.65 

8.22 

LIII 

82.6 

23 

3.60 

LIV 

183.0 

20.5 

6.93 

LV 

108.0 

23.5 

4.60 

24.5 


IX 


41.0 


12 


3.42 


26 


III 

44.6 

4 

11.10 

III 

69.0 

T 

8.43 

7 

U.O 

6 

7.33 

XXII 

616.0 

65.6 

11.08 

I 

I 
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Ten^erature 

No.   of 

Total 

Time 

Rate  Um. 

Daises 

IndlTldual 

Dlatanoa 

Interval 

per  liln. 

C 

Lltn. 

Vln. 

86 

X.U11 

331.0 

32.06 

10.32 

M 

iUIII 

96.0 

11. C 

9.36 

W 

XXX 

122.0 

27 

4.62 

N 

XXil 

173.5 

23.5 

7.38 

N 

LIII 

54.0 

9 

6.00 

26.5 

IX 

43.0 

9 

4.78 

t 

XL  VI I 

168.0 

19.1 

8.80 

M 

LIll 

86.5 

20.6 

4.22 

II 

LIV 

197.0 

17.6 

11.30 

86 

I 

26.5 

8 

0.50 

N 

XIII 

34.5 

20 

1.72 

n 

XV 

7.5 

12.5 

.60 

N 

XVI 

41.0 

10 

4.10 

w 

XVI 

16.0 

2. 

7.50 

N 

XVI 

9.0 

2 

4.50 

N 

XVI 

44.0 

6 

8.80 

N 

XXXIII 

85.0 

9.25 

9.19 

f* 

XXXIV 

111.0 

17.68 

6.21 

N 

LV 

74.6 

12.5 

6.96 

It 

XXI 

317.5 

66 

5.67 

It 

LVI 

67.0 

12 

6.58 

26.6 

XXVI 

104.0 

19 

E.47 

n 

LIV 

149.0 

17 

8.76 

27 

XVI 

17,6 

8 

6.80 

It 

XXVIII 

30.6 

6.66 

4.60 

It 

x.a 

30.0 

12 

2.50 

w 

XXXI 

66.0 

6 

11.00 

N 

XLI 

83.0 

23.6 

3.53 

N 

LIII 

86.0 

20.5 

4.19 

27.5 

XXX 

96.0 

IS 

7.30 

H 

LIV 

88.5 

18 

4.90 

26 

XVI 

12.0 

2.6 

4.80 

w 

XVI 

88.5 

17.66 

6.01 

It 

XXVIll 

41.0 

6 

6.83 

It 

LV 

138.0 

34.5 

4.00 

N 

LV 

87.0 

18 

4.83 

n 

XXill 

172.0 

19 

9.00 

M 

xxvni 

37.5 

6 

6.26 
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Teinjerature 

Uo 

.    of 

Total 

Tin* 

Uate  Unu 

Degree! 

Indl 

vrldual 

Distance 

Interral 

per  Uln. 

C 

Mm. 

Kin. 

89 

XLl 

6.0 

8 

3.00 

M 

LVI 

166.5 

29.6 

5.37 

80 

jai 

95.0 

14.46 

6.67 

« 

XX7III 

29.0 

5.5 

5.30 

88  XIVIII  22.0  6  4.40 


4 
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one,      that  a  oonsistent  effort  waa  made  to  secare   those   tein>eratare»  whloh 
are  more  easily  read  on  the  various   ther moms tors.  Ihe  half-temperaturee 

are  for   the  most  part  calculated  from  the  galvanometer  deflection,   us   the 
thornometor  which  was  used  for  determining  the  temperature  of   the   interior 
of  the  water   chamber  could  not   be   read  with  sufficient  accuracy   to    less   than 
half  a  decree.  t'or   this  reason,   especially,    the   teni^ratores   in   the 

reservoirs  were  always  kept  as  closely  as  possible   to  whole-de^ee  readings. 

The  uneveness   in  the  distribution  of  the  data  presented  Is,   however, 
more  apparent  than  real,  Kor,   if  larger   tec^jerature  intervals  are  con- 

sidered, 
between     6  de^-rees  and  12,5  de^frees,   58  average  rates  are  plotted 

H  j^Q  II  »♦      22.0  "  79  "  '*  "  " 

H  £3  n  ••     27.5  "  62  ••  "  ••  " 

•I  28  "  "      32.0  "  12  "  H  It  .1 

Our  data  sure,  therefore,  least  adequate  for  extreme  temperatures. 
If  any  justification  for  this  is  required,  it  may  well  be  found  In  the 
following  facts.    ^t  the  low  temperatures,  observation  becomes  extremely 
'unsatisfactory,  owing  to  the  prolonged  periods  of  cessation  of  activity  on 
the  part  of  Amoeba.    It  has  already  been  stated  that  sometimes  half  an 
hour  or  more  elapsed  before  the  aninal  moved  any  appreciable  dista^ioe,  and 
these  lon^  periods  of  time  ore  not  reckoned  with  in  our  data.    However, 
further  filling  out  of  the  data  for  locomotion  at  these  low  temperatures 
is  extremely  desirable.    At  the  higher  temperatures,  on  the  other  hand, 
there  is  imminent  danger  of  killing  the  animalt    liany  specimens  were  lost 
in  this  way.    Davenport  gives  the  ultra-maxlmim  temperature  of  Amoeba  as 
•10  to  45  de,^rees.    Even  below  this  temperature,  however,  there  is  dan<;er 

of  injurln<j  th<»  animal  and  the  observer  must  alrays  be  fearful,  lest  he  lose 

an  otherwise  satisfactory  series  of  observations  by  the  destruction  of  the 
amoeba.  '  ' 
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Jioroovsr,    In  irothflr  reep«ot,   not  «vld«nt   from  i'ljoro   17,   bit 
olearly  apparent  from  a  more  oareful   atady  of  Table  JtV      ,    there   i«   laolc 
of  uniformity   In   the  evidential  value  of  our  data  for   the  entire   terr^eratore 
ran^je.  Some  of   the  averages  plotted  on  Figure  17  are  c.vera^et  for  v^ry 

lon^  periods  of  observation,   others  for  very   short  periods.         "o 
Illustrate   the  point  again  by  extreme  cases:         At  10  degrees,   for  example, 
two  of   the  avora^es  represent  observations   of  only   i  minutes  d'xration,   while 
3,   out  of  the   18  averages  presented  represent  observations  of  more   than 
16  minutes  duration.  Similar   statements  might  be  made  concerning  the 

average  rates  at  almost   any   of  the  othor   teraperat'xres.  This  fact,    too, 

is  die  in  a  great  measure  to  experimental  difficulties.  £ut  here,  again, 

the  lack  of  uniformity  in  the  data  is  not  as  great  as  may  appear  at  first 
8i:jht.  Thus,    if  we    select  a  few  of   the   salient   tenperatures, 

the  averages   for  10  degrees,   represent  observations  of  274.0  minutes  duration 
••  ""15"  ••  •*  "SB  75"  " 

H  MM  20  "  "  MM  ypp      0  "  " 

»  "  "      25  "  *  •*  "      175.56        "  " 

The  large  preponderance  of   the  observations  at  20  degrees  Is  due  to   the 
fact  that  this  temperature  was  -isually  taken  as  a  starting  point  fir   the 
various  experiments. 

Again,    If  we  take   larger   ten^^erature   Intervals,   the  laclc  of 
'oniforralty  In   the  data  will  tend  still  more  to  disappear.  Thus   the 

observations 

between     6  and  12.5  de^jrees  were  made  during  1248.75  minutes 
"        13     "      17.5  M  «  ,1  ..        1070.85  '♦ 

"        18      "      22.0  M  M  M  M        1733.37  " 

"        23     "      27.5  "  "  ••  "  825.05  *♦ 

"        28     "      32.0  "  "  "  "  160.12  " 

The  data,    therefore,   are   eufflclently    onlforir  In  iistrlbution   to 


I 
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enabl©  on«  to  draw  definite  ooroluoloxn,    More  perfect  distribution 
of  the  obaerTutlone  along  the  temperature  line,  woald  hardly  ohan»'e  the 
general  results  by  more  than  a  fraction  of  a  decree.    It  Is  admitted, 
on  the  other  hand,  that  while  the  evidential  value  of  the  experimental 
data  is  greatest  between  10  and  27.6  degrees,  more  work  on  the  lower  and 
higher  temperatures  seems  desirable  to  corroborate  the  conclusions. 


i 


i 
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b)  Outstanding  Concluaiona  from  the  Whola  ilaes  of  Data  - 

Bearing  In  mind  whnt  h&a  Juot  been  said  re^jjrdlcg  the  decree  of 
certainty  that  must  be  attached  to  our  ooncluelone  re^^^arding  the  looomotor 
activity  of  Amoeba  at  varloip  tenreraturee,  the  -jeneral  appearance  of  the  corvei 
In  t'ig.  17  will  so^jeet  the  following  concl-islonB; 

(1)  There  l8  a  very  clear,  uo^vsurd  drift  of  rates  from  6  degreee  to 
approximately  26  de^ees. 

(2)  The  maximal  average  rates  increase  from  6  desjrees  to  21.5  decrees, 
and  the  CJirve  of  maxima  Is  not  re-entrant  except  at  a  few  non-lraportant 
points. 

{31   The  minimal  average  rates,  too,  show  a  gradual  upward  drift,  with 
bat  few  exceptions.    It  must  be  borne  In  mind,  however,  that  zero  movement 
is  not  plotted  or  this  graph, 

(4)   By  far  the  larger  number  of  average  rntes,  ^Tja   of  all  those 
plotted,  lie  between  1  and  8  mm,  rates  per  minute. 

c)  Average  Rates  of  All  Individuals  at  the  Same  lemperLture  - 

We  have  thus  far  used  the  term  "averaje  rate  of  locomotion"  as 

applied  to  a  single  Individual  moving  at  a  constant  temperature.    The 

various  average  rates  plotted  in  Fig.  17,  however,  enable  us  to  calculate 

the  average  rates  of  all  the  various  Individuals  observed  at  a  given 

tenperatore.    The  results  of  such  a  calculation  are  conqiiled  in  Table  XVI. 

In  successive  columns  eure  given  , 

(1)   the  temperat'ore ; 

t2)   the  number  of  individuals  studied  at  thut  tenperatire; 

(3)  the  total  distance  traversed  by  all  these  Individuals  in  thp  stated 
time  interval; 

(4)  the  time  interval  during  which  the  distance  was  traversed; 

(5)  the  avera.:?  rate  of  locomotion  ?f  all  the  Individuals  studied  at 
that  ten^erature. 

A  glance  down  the  oolunm  of  average  rates  (Table  XVI)  will  reveal 
the  gradual  increase  in  rate  with  rising  temperature  from  6  degrees  to 
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TABLE     XVI 


ATerage  Rates  of  Locomotion  for  All  InilvldoalB 

at 
All  li^eniperatures 


Do.   of  Dlatonce 

Temperature       IndlvldoalB       Traversed       Time  Interval        Kate  per  Lin. 


60.0  43.5  1.38 


8 

2 

105,5 

69.0 

1.53 

8.5 

1 

3.0 

1.5 

2.00 

9.0 

3 

43.5 

30,5 

1.42 

9.5 

6 

135.0 

72,0 

1.87 

10.0 

IE 

504.25 

274.0 

1.84 

10.5 

7 

296.0 

151.2 

1.96 

11.0 

6 

399.5 

254.0 

1.57 

11.5 

1 

14.5 

8.75 

1.66 

12.0 

4 

93.0 

260.5 

1.53 

12.5 

4 

227.5 

84,0 

2.71 

13.0 

3 

203.5 

78.5 

2.59 

13.5 

2 

153.5 

43.5 

3.53 

14.0 

11 

336.5 

141.5 

2.73 

W.5 

3 

100.5 

28.0 

3.59 

15. C 

14 

788.5 

287.5 

2.74 

15.5 

5 

156.5 

65.5 

2.39 

16.0 

13 

962.5 

224.0 

4.30 

16.5 

3 

325.5 

65.6 

4.96 

17.0 

5 

601.0 

124.75 

4.82 

17.6 

2 

32.0 

12.0 

2.66 

18.0 

12 

1254.5 

245.4 

5.11 

18.5 

1 

96.0 

29.0 

3.31 

19.0 

6 

491.0 

102.55 

4.79 

19.5 

6 

749.5 

171.42 

4.39 

20.0 

26 

3078.0 

722.0 

4.26 

20.5 

3 

168.5 

65.5 

2.67 

21.0 

11 

1144.0 

207.5 

5.51 

22.0 

9 

1455.5 

180.0 

8.09 

23.0 

8 

523.0 

84.75 

6.17 

23.5 

1 

31.0 

4.0 

7.75 

24.0 

12 

1104.5 

182,65 

6.04 

21.5 

1 

41.0 

12,0 

3.42 

25. C 

8 

1539.0 

175.56 

8.77 

25.5 

4 

494.5 

6G.1 

7.18 

26.0 

9 

831.5 

162.33 

5.17 

26.5 

2 

251.0 

36.0 

6.98 

27.0 

6 

313.0 

71.66 

4.36 

27.5 

2 

183.5 

31.0 

5.92 

AVI 


(2) 
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28.0 

6 

576.0 

103.66 

5.55 

29.0 

2 

164.6 

31.6 

5.22 

30.0 

2 

124.0 

19.96 

6.20 

3E.0 

1 

22.0 

5,0 

4.40 

•Apparent  valaes  -  To  reduce  to  actual  values,  divide  by  64  (see  jJ.  28) 
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26  de^^eos,    and  then  u  jraaa'al  diminution  In  rate.  between   6   acd  12 

degrees,    the  prevailing  rate  lo  near  1.6  mm,;   between  12.6  and  16.5 
dei^rees,    it   is  near   n,6  mm.;   between   16  and  20  de.rrocs.    It    Is  near   1  mm.; 
between  20  and  2b  deLproeo,    there  Is  conslderauiis  irreijuLarlty  and  between 
26  and  32,    there   is  a  very  evident  s^adiial  decline. 

These  various  features  are  made  more  obvious  by  the  curve  of  avera^je 
rates  for  the  various  teiryeratures,   shown  in  Fig.    17  and  desiijnated  there 
as  the  "curve  of  average".         For-  the  parpose  of  slmplyfylng  the  curve, 
not  all  of  the  averages  have  been  plotted  but  only  those  for  whole  de^ees 
of  temperature. 

Obviously,   the  curve   le  far  from  being  a  smooth  one.         Though  its 
general  tendency  Is  rather  clear,    still  the  variations  are  raijch  cnre 
pronounced  than  one  should  expect  from  the  number  of  observations  that 
have  been  enployed  in  oaloulating  the  averages.         The  same  variability 
which  Te  have  had  occasion  to  ewph&eize  all  thro'Ogh  this  paper  is  again 
apparent.         The  abrupt  changes  in  the  character  of  the  curve  at  1.?,   15, 
20  degrees  may  be  significant,   though  thus  far  no  meaning  can  be  attached 
to  then.         It  will  be  noted  that  there  is  a  double  maximuin,   one  at  22  and 
another  at  25  degrees.         This  is  probably  due  to  a  lack  of  sufficiently 
extensive  observation  at  these  two  temperatures.         The  general  trend  of 
the  curve  would  seem  to  indicate  that  there  is  a  plateau  betvreen  these  two 
temperat'U-es,   and  to  find  this,   the  avera*;es  for  22  and  23  degrees,   as  woll 
as  those  for  24  and  25  degrees  have  been  combined.         The  resultant  values 
are  plotted  in  dotted  line  between  21  and  26  degrees. 


I 


I 
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d)   Averatjo  iiutoa  lor  i'lve  Dejjroe  Intervals  - 

Since  the  results  that  hcve  been  given,  are  nunifestly  extremely 

variable,  a  farther  oaloulation  of  averages  for  five  defjree  intervals  nay 

better  elucidate  the  sl.-Tnlfi canoe  of  the  data.    .Ve  may  employ  for  this 

p'orpose  the  usual  statistical  procedure  of  grouping  the  data  around 

salient  temperatures.    Honce,  if  we  consider 

as  the  10  dejjree  group,  all  rates  at  tenjjeratures  between  7,0  and  12.5  degret 
II    H   15    .1     .1      .1     ..    ..       n         ,,     ^^^(j     ,.   ^7^g    „ 

"   "   2C    ••     ••     "    "    "       •♦         "    19.0  "   22.5    •• 
«   "   25    "     "     "    "    "       ••         '•    23.0  •♦   27,5    " 

II  '»  2Q  H  l»  II  l»  M  II  It  og      Q  II  30      g  II 

the  gradual  growth  of  the  rate  with  rising  tenperature  will  become  more 
evident.  Table  ^11  exhibits  this  rearran,jement  of  the  data,  and  the 
results  are  ejraphically  represented  in  i"ig.  18. 

The  rate  increases  fron  1.5  to  5.5  mm.  per  minute  as  the  teiqperature 
rises  from  10  to  25  degrees,  and  then  shows  a  slight  decrease.    a.   further 
discussion  of  this  feature  will  be  given  when  we  study  the  tenperature 
coefficient  in  the  next  part  of  this  paper. 


FOLD  OUT 
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TABLE     XVII 


Averutje  Katei  for  Five  Degree  Intervals. 
(Caloulated  frpr  the  '.Vhole  ^lane  -^f  Data) 


Texporatore 

3  roup 

Decrees  C 

Actual 

Temperatares 

De-^eeB  G. 

Total 
Dl  Btann.e 

Time 

Interval 

Uln. 

Kate  km. 
per  Lin.* 

10 

7,6  -    12.5 

1881.75 

1248.95 

1.5 

15 

13.0  -  17.5 

3710.00 

1070.85 

3.5 

20 

18.0  -  22.5 

8437.00 

1733.37 

4.9 

25 

23. C  -  27.5 

4312.00 

825.05 

5.5 

30 

28.0  -  32.5 

886.50 

160.12 

5.4 

Apparent  valies   -  'Do  reduce  to  actual  values,   divide  by  64    (see   p.   28) 
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C.      Th«  CuTTe  of  Maximal  Katea 

We  have  alreidy   Intimated  that  d^eplto  thp  .rT.t  variation   In  thr. 
rate   of  locomotion  at  any   tomperutare.    It    1b  posBroie   tnat    ternperatore 
fixes  a  iraxlmuTE  beyond  which  the  rate  cannot  be  accelerated.  It   is 

Interesting?  to  examine   this   statemert  vrtth  the  accumulated  reeilte  -f  this 
Investigpition  before   us.  In  i'ii?.    17   the  "Curve  of  llaxima"  has    oeen 

plotted,   but  to   facilitate  coiqparison  with  the  terrporature     coefficient. 
It  has  been  redrawn   in  Fig.    19.         The  curve  for  the   tenyerature     coefficient 
will  be  referred  to   in  the  Part  III   of  this  paper.         The  data  for   this 
curve  are  plotted  In  Table  iVIII. 

It  will  be  noted  that  the  maximcil  rate   increases  pro^rressl vely  from 
6  devTrees  to   24  decrees,   thus,   parallelling  roughly,   the  curve  of  averaijes. 
Above   24  degrees   there  is  a  sharp  decline   in  the  curve.         Here  a^ain,  we 
meet  with  the   same  phenomenon  which  we  have  already  observed  in   speaking 
of  the  curve  of  averages,   an  increase  In  rate   to  an  optlTtnam,   and  then  a 
decrease.         V/e   shall  refer  again  to   the  possible  neaninej  of  all  this, 
when  we  discuss  the  terjerat-ore     coefficient  for   these  maximal  rates. 

TABLE     XVIII 
VAXITr.AT   RATES  AT  V^lIOUS  TSTPaiAT^ES. 


Tetrperature  Uates 

Degrees  C  Km.  per  Llinute 


6  2.8 

|10  4.5 

'l5  6.7 

.18  6.9 

20  10.7 

21.5  12.5 

24  11. 2 

27  11.0 

28  9.0 
30  6.6 
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P  AH   T      III 


THE  VlElSLhE  OF  THE  Dl-  :  JE  OF  THE  RATE  OF  LOCOJiOTlOJJ 


1.  The  Tenperature  Coefficient. 

A.  Historical. 

a)  The  Temperature  Coefficient  of  Chemical  Beactlons. 

b)  The  Temperatore  Coefficient  of  Biological  Processes. 

B.  The  Formula  for  Calculating  the  Temperature  Coefficient. 

a)  Derivation  of  the  Porm-ala. 

b)  Use  of  the  Formula. 

o)  The  Leaning  of  "Ic"  in  the  Formula,  as  Applied  to  Biological 
Processes. 

2.  The  Tenperatore  Coefficient  of  the  Bate  of  Locomotion  in  Amoeba. 

A.  The  Tenperatore  Coefficient  of  the  Immediate  Locomotor  liesponse 

to  a  Change  of  Teoperature. 

B.  The  Temperat'ore  Coefficient  of  the  Average  Rate  of  Locomotion  of 

One  Individual  at  Different  Constant  Teiqperatures. 

C.  The  Temperature  Coefficient  of  the  Average  Bates  of  Locomotion  of 

Different  Individuals  at  Different  Temperatures. 

D.  The  Teii5)erature  Coefficient  of  the  Average  Bate  for  Five  Degree 

■ 

Intervals. 

E.  The  Temperature  Coefficient  of  llaximal  Rates. 

F.  SummEiry  of   the  Results  from  the  Various  Calculations  of  the 

Temperature  Coefficient. 

3.  A  Discussion  of   the  Meaning  of   the  Fluctuations   in  Value  of  <*j^q 

for   the  Bate  of  Locomotion. 
A.     Variation  in  the  Value  of  «ij^Q 
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B.  The  Hl^h  Value  of  H^^   at  Low  TemperatoreB. 

G.  The  Decreasliv,-  Value  of  4^^  at  Higher  Temperatorea. 
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QiT  parpoae   In   tho   third  pzrt  of   this  paper    Is   to  estaoiian   ^-lannitu'. i  /  Jiy 
the  dependence  of   the  rate  of  locomotion  on  teraporataro. 

It  has  been  oustomary  sinoe  the  early  years  of  the  first  decade 
of  the  present  century  to  express  the  dependence  of  various  blolo'^lcal 
phenomena  on  tenper&t-ire   in  terras   of  a  teinperatare  coelflclert. 

rfe  shall  disease,    thgrefore, 

1.  The  Temperatore  Coefficient. 

2.  The  Teinperatare  Coefficiont  of  the  hute  of  Locoriotion  in  iuDoeba. 

3.  The  Possible  Leaning  of  the  Temperat  ire  Coeificlent   of   the  Kate 

of  Locomotion  in  Amoeba. 

1.     THE  TEMPffiATJliE  UjEti-lCIEt;!. 
A.  Historical 
a)   The  Ten^jeratare  Coefficient  of  Chemical  Reactions. 

lllhelcy,    1350,   was   the   first   to   atterapt  a  formulation  of   the 
dependence  of  a  chemical  reaction  upon  temperature    ti^anltz,    '15,   p.   2). 
He  studied  the  inversion  of  cane   su^ar  by  acids.         It  was  not  until 
twelve  years  later,   however,   tha.t  Berthclot   succeeded  in  formulating  a 
rule,   which  is,   even  to   this  day,    tiiiten  as   tne   basis  lor  ail  discussions 
in  these  matters,         Ee   showed  that   the  rate  of  a  chemical  reaction  is  an 
exponential  function  of  some  constant,   '-vhioh  varies  with  different  reactions. 
Views  were  gradually  clarlfleu  throu^jn  tne   .vorK  of  A.  Vernon  ai^-couri    i^?,    ':ibi 
Wllhelm  Ostwald   1'87,    '9\] ,    William  Heoht  and  A.  Conrad   1'39)    and  Arrhenius 
1^9)    until   ir.  1898,   J.Ii.   vant'   Hoff  defined   the   inflience   of  temperature 
on  chemical  reaction  more  aocurateij'  and  lormuiaiea  ^ne  now  o  irrent 
expression  of  the  tenperature  coefficient  rale,  namely  "A  chemical 


: 
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reaotlon   Is  aocelerated  between  2  and  3  timet  by   a  rlee   In  t-^nperitare 
of  10  de  Trees  CentlKrade".  Since   that  time  a  lar^ye  number  of  ohemloal 

reactions  have  been  Investlrati^d  with  critical  attention   to   th«   Units 
of  applicability   of   the  van't  aoif  rule.  As   the  general  oitoome  of  all 

this  work,    it  has  been  found  neoessary  to  modify  van't  Hoff's  rale  to 
Bomc  ext'-'nt.  While   it  was  found  to  be  trae   that  the   t«mperat'ire 

coefficient  of  by   far   the  ^^re^ter  munber  of  chemical  reactions  lor  a  ten 
dejree  temperature   interval  lies  between  the  llraits  of  2  and  3,    still  some 
reactions,   which  are  'undoubtedly  chemical  In  character  have  been  foujid  with 
temperature  coefficients  au  high  as  5  or  6  ar.d  as   low  as   1.2  or   even  1. 
On  the  other  hand,   only  very  few  physical  chances  are  known  which  have 
t'jmperature  coefficients  even  approximately  as  gpreat  is  those  of  chemical 
reactions*         The  tenperat-ore-coefficlent  as  defined  by  van't  Hoff  is  now 
asually  designated  as  ^..q,   and  we   shall  use  this  designation  In  the 
following  pa^s. 

Further   study  of  the  variability  of  the  temperature  co'»fflclent 
has  revealed  the   fact   that   Its  value  may  change   in  different   reactions, 
and  heno**   that   It  is  not  a  universal  chemical  constant.  Interpretations 

of  this  phenomenon  have  not  been  wanting.  Halban  and  Kirsch   I '13)    regard 

an  abnormally  high  coefficient  as   indicative   of  a  monomolecular  reuctlrn. 
Thl?  view  Is  generally  accented,   though  the  explanation  of  It  must   still 
await   the  corroboration  of  one  of  sever-il  rival  theories.      —     On  the 
other  hand,   an  abnortially  low  ten55erat'ure  coefficient   la  regarded  as 
characteristic  of  reactions  in  heterogeneous   systems,   as  well  as  of 
photochemical  reactions.  Erich  Br unner   1'04)    and  W.  ^ern8t    1'04)   have 

sought   to  establish  the  dla^piostlc  value   of  the   low  temperature  ooefflolent 
for  reactions   in  heterogeneous  syGtema.  Ihe  explanation  that   in   such 

systems  the  reaction  rate   is  determined  not   so  much  by   the  chemical 
process   Itself,   bat   rather  by   the  diffusion  of   the   reacting  -ubstances. 
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■esms  adequate  to  aoooant  for  the  observed  facts,   especliiliy   If  it   is 
born  In  mind  that   the  proceee   of  diffusion  has  a  low  temperature  ooefflclont. 
The  work  of  Uoyes   (  )    and  uhltney   I  )    has   probably  pat   this 

explanation  of  the   low  tert^peratare  coefficient  of  reaotiono  In  hetero- 
geneous  systems,   beyond  all   question. 

Johannes  Plotnlkow  ('12),  Uax  Bodensteln   ('13)    and  i'rltz  Wei,^ert 
and  Otto  Kroner   ('13)   have   Pbown  that   In  photoohemioal  processes  the 
teiqperature  coefficient  may  be  as  low  as  1.2  or  even  1.  V-lille  the 

explanation  of  this  phenomenon  cannot  be  considered  as  definitely 
established,    it   la  realized  that   further   study  on  the  nature  of  radiant 
eneri^y  will  probably  reveal  the  real  meanln?  of  the  low  tenperat-ire 
coefficient  of  such  reactions. 

The  value  of  this  coefficient  may  chan«je,  however,  not  merely  in 
different  reactions,  but  also   in   the  same  reaction  at  different   temperatures. 
Harco'urt  and  Esson  i'95)    have  investi^jated  the  action  of  hydrogen  dioxide 
on  potassium  iodide  in  acid  media.         They   find  that  the  temper;j.ture 
coefficient  decreases  proi^essively  from  a  value  of  2.07  between  0  and 
approxima.tely  5  degrees,   to  1.87  between  45  and  50  deijrees.  It   is 

considered  probable,  moreover,    that  many  such  instances  could  be   found, 
if  the   slow  progression  of  certain  chemical  reactions  and  the  very  rapid 
rates  of  others,   could  hfi  more  carefully   studied.         An  explanation  of 
such  facts  as  these  must  await  further  research  into   the  nature  and 
efficacy  of  chemical  energy. 

In  general,    therefore,   despite  the  variability  of  the  value  of  the 

temperature  coefficient,  van't  Hoff's  ll.aits  of  this  value  are   still  accepted. 

Variations  beyond  these  limlto  are  of  so  regular  a  character  that  they  mey 

well  be  reijardod  as  indicative  either  of  special  kinds  of  reactions,   or  of 

limiting  conditions  in  such  reactions  as  otherwise  proceed  with  a  normal 
temerature  ooofficlent. 
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b)      The  Temperature  Coefflolent  of  Biologlo^l  incraoB. 

The   first  application  of  the    IdeaE    iiiderlyln*?   the   al  -t.l  ricanoe 
of   the   ohemlodl   temperaixro   o  j.'i  lioioi.t,   to   a  Lljlogloiii  procoss  was  maie 
by  Clausen,    18^0.         He   studied  the  respiration  of  Luplnaa  and  wheat 
seedlings  and  oame   to   the  oonclaslor   that  between   the   limits   tf   IC  :ind 
25  decrees  the  u;:ioii,t  of  GOg  given  ofr  aoring  respiration  was  increased 
approximately  2^  times  for  every  10  degree  rise  in  temperature. 

Oskar  Hertwig,    1898,  called  attention  to  the  acceleration  of  the 
rate  of  development  of  the  eggs  of  hana  fusca  and  ilana  escalenta  at 
increasing  temperatures  and   to   a  corresponding  decrej.Ge  at   failing 
tenperatures.         He  did  not  try,   at   the  time  to  apply  mathematical 
calculations  to   this  rate,   but  promised  that  he  would  return  to  a  more 
rigorous  treatment  of  his  data  at   some  future  time,   a  resoxvt,   *aich, 
unfortunately,  was  never  carried  out. 

Shortly  after  this  began  a  period  of  ceaseless  activity  in  this 
particular  field  of  research.         J.H.  iiberson's  work  or.  alcoholic  fermenta- 
tion was  published,    1903.  In   19C5  were  published  »k.   alti-jg's  '.vork  on  the 
Influence  of  Temperature  on  the  rate  of  development  of  the  eggs  of  animals, 
Karl  Peter's  work  on  the  acceleration  of  development  in  higher  temperatures, 
Aristides  iianitz's  work  ou  the  influence  of  temperatire  on  carboii  dioxide 
assimilation,  F.i-.  i31ackman's  work  on  optina  and  limiting  factors,  Jacques 
Loeb's  work  on  maturation  of  the  mollasc  ejg  and  Snyder's  work  on  the 
influence  of  tarqperature   on  cardiac  contraction.         In  each  of  these 
papers,   contributions  were  made   to  a  further  application  of   the   temperature 
coefficient  to  biological  processes. 

Since  that   tiine  a  vast  amount  of  .vork  has  accunulated  on  the  rela- 
tion of   the   temperatire   to  more   than  a  h  uidred   di  fferont   bloloio:il  rncr::cc8. 
Kanltz   I '15)    reviews,    three  hundred  and  sixty-ilve  articles  ae:ixint,-  vitn   t-.e*'- 
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reaearohea,  he  gro-apo  under  the  following  headln^e;   1.  Heartbeat. 
2.  The  Palsatlon  of  Lednoae.   3.  The  Contraction  of  Smooth  ;!a«cle, 
;.  The  iiespiration  hhythm.   6.  Palsatlon  of  the  Vaouloea  of  Protozoa. 
6.  Lhythmlo  liieotrioal  Phenomena,   7.  The  Velocity  of  the  Merve  In^iulae. 
6,  The  Activity  of  tJtriated  ilaecle.  9.  The  Eleotror.otive  i'orce  of 
Bio-eleotrlo  Carrente.   10.  Seotropic  and  Phototropic  Besponse  in  Plants. 
11.   The  Strearclnj  of  Protoplasm.   12.  The  Parmeabllity  and  Ivesorption 
Rate  of  Protoplasm.   13.  Toxic  Effects.   U.  The  Len^jth  of  Life.   15. 
Developmental  Processes.   16.  lietabolism  in  Animals.   17.  iietabollsm  in 
Plants.   18.  The  Coagulation  of  Blood. 

In  Bommlng  'ip  the  results  of  all  this  work,  Kanitz  states  that 

there  are  a  lar?e  number  of  physioloarical  processes  for  v7hich  there  can  be 

no  question  of  the  value  or  the  constancy  of  the  temperature  coefficient. 

The  value  of  si   for  such  reactions  lies  betv/een  2  and  3.  and  the  value 
10 

is  remarkably  constant  over  lart^e  ranges  of  temperat'ore .    This  is 
particularly  tru6  of  rhythmic  processes,  such  as  the  heart  beat,  the 
contraction  of  smooth  muscle,  the  rhythm  of  respiration.    3ut  other 
processes  as  well  show  this  same  constancy.    Thus  the  rapidity  of  toxic 
Influence,  the  length  of  life,  the  velocity  of  gaseous  interchange, 
geotropic  and  phototropic  presentation  time,  cleavage  rate  ir.  eJigs,  all 
of  these  and  many  others,  exhibit  a  remarkable  constancy  of  the 
temperature  coefficient  over  large  ten5>erature  Intervals. 

There  are  other  biological  processes,  however,  for  which  tne 

temperature  coefficient  rises  with  rising  temperature.    The  rapidity 

of  the  productioL  of  lethal  conditions  brou.?ht  on  by  various  poisons,  is 

Theodor, 
such  a  process.Thas,  y^   Birstein  and  r.euss  I '10)  have  bean  able  to  snow 

that  the  toxic  effects  of  a  ,01  solution  of  Sodium  Chloride  on  Staphylococcus 

pyocrenes  aureus  is  accelerated  1.79  tiroes  between  1  and  10  degrees,  but 

2.79  tirnes  between  10  and  47  de-^ees  for  evory  ten  decree  tos^jorature 
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Interval. 

4igaln,  thero  are  bloloi^ical  prooeaseB  for  which  there  la  a 

noticeable  decrease  In  the  value  of  the  tenperatare  coefficient  with 

rlsln^T  terrperatore.    Carbon  dioxide  asslr.llatlon  in  plants  Is  An 

instance  In  point.    Sach  a  fall  In  the  value  of  the  temperat;ire 

coefficient  Is  characteristic  of  all  processes  which  show  a  physlologlcdl 

optlnrojn.    As  the  carve  of  the  reaction  rises,  the  vclue  of  the 

tenperatare  coefficient  may  fall  or  remain  constant  bat  asiiaiiy  decreases 

when  the  reaction  has  passed  Its  optinam,    The  ohantje  in  the  value  of 

the  coefficient  near  the  physiological  terqperatare-optlmam  has  opened 

up  the  large  ^aestion  of  the  constancy  of  <i-^^   in  biological  processes, 

lie   have  seen  that  In  chemical  processes  this  quantity  may  be  re.^arded 

as  a  constant  and  when  deviations  from  sach  a  constant  value  occor,  they 

may  for  the  most  part,  be  explained  by  the  nat ore  of  the  particular 

reaction  or  by  the  special  conditions  in  which  the  reaction  occurs. 

In  biological  processes,  however,  as  we  have  just  seen,  laxtje  variations 

in  the  value  of  "i-jQ  may  be  found.    On  the  basis  of  these  variations, 

Krogh  ^oes  so  far  as  to  deny  the  constancy  of  4^q.    Other  authors 

have  tried  to  explain  these  variations.    Satherland  I '08)  in  his  work 

on  the  teTiperature  coefficient  of  nerve  conduction  sirndses  that  the 

variability  of  >*nn  ""^y  ^®  <^'*®  ^'^  **^®  foot  that  conduction  is  conditioned 

by  many  factors  and  that  the  velocity  of  conduction  in  any  temperat-ire 

may  be  singly  a  function  of  the  viscosity  of  the  water.    Snyder  ('111 

subjected  this  explanation  to  an  experimental  test  and  concluded  "After 

a  careful  review  of  the  facts  at  hand,  it  seems  preferable  to  adhere 

to  the  hypothesis  put  forth  In  a  former  paper  ('98)  thit  even  In  certain 

of  the  simpler  physiological  actions  *ie   still  have  to  do  with  at  least 

two  distinct  medical  actions  whose  fundamental  velocities  at  any  given 

tenperatare  are  different."   He  concludes  farther  (p.  170)  that  "i'he  magni- 
tude of  the  temperatare  coefficient  for  differences  of  10  de-jrees  varies. 
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then  not  oniy  for  phyeloloijioal  actions  bat  also  for  many  chemical 
actions.    In  both  orders  of  phenomena  the  viirlatlon  is  in  the  same 
direction," 

The  matter  i":  farther  oontplioated  by  the  fact  that  different  factors, 

be  they  physical  or  chemical,  may  affect  a  given  reaction  differently  at 

various  temperatures  within  physiological  tolerance.    iinyder,  in  the 

quotation  Just  given,  epeaVcs  of  "at  least  two  dietlnct  chemical  actions", 

bit  it  is  quite  conceivable  that  in  so  complex  a  system  as  ^irotoplasm, 

the  interplay  of  physical  and  chemical  factors  may  completely  mask  the 

effects  of  ar^  one  of  them.    Putter,  in  disousslng  this  quectlon  of 

the  variability  of  '<       calls  attention  to  the  fact,  that  if  several  factors 

affect  the  end  result  of  an  accelerated  physiological  reaction,  as  happens, 

for  example  In  many  metabolic  processes,  the  slowest  factor  determines  the 

rate  of  the  entire  process.    On  the  other  hand.  If  various  factors 

Influence  a  retarded  reaction,  the  speed  with  which  the  end  result  Is 

obtained  is  conditioned  by  the  most  rauldlv  acting  one.    The  interplay 

of  such  limiting  factors  are  but  Illustrations  of  the  "Law  of  illnimun". 

In  accordance,  therefore,  with  the  character  of  the  particular  factor 

which  dominates  a  given  procers  at  any  given  ir.iment  of  tlte,  we  should 

expect  an  increase  or  a  decrease  In  the  value  of  the  temperat'ore  coefficient. 

or  fall 
It  Is  easy  to  see  from  all  this  why  a  ten^jeratore  coefficient  may  rise  for 

a  time  with  Increaslag  temperature  and  then  decrease  .definitely  once  the  optiii 

has  been  reached  and  [assed. 

It  also  becomes  apparent  from  the  above,  that  a  fluctuating 
temperature  coefficient   Is  probably  Indicative  of  a  process  that  Is 
conditioned  by  the  synergetlc  operation  of  a  number  of  factors.    If  one 
of  these  Is  affected  differently  fr^I^  all  the  others  by  a  char-^e  of  en- 
vironment, we  have  the  conditions  re-iuislte  for  Irregular  or  abnonnal 
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response  In  a  reaotlon  whloh  would  otherwise  be  regular  and  normal. 
Countless  Illustrations  of  the  applicability  of  suoh  a  statement  will 
imnedlately  suggest  themselves. 

In  view  of  the  complexity  of  the  phenomena  Involved  in  all  this, 
Snyder,  ('11,  pg.  174)  while  expressing  the  expectation  "that  tne 
ultimate  explanation  of  chemical  reaction  velocities  will  be  a  coiqparatively 
simple  one'*,  still  cautions  us  that  Professor  William  Ostwald  referred  to 
the  influence  of  temperature  upon  chemical  reactions  as  "one  of  the  darlcest 
chapters  in  chemical  mechanics",  and  then  goes  on  to  say  "Although,  since 
Ostwald's  opinion  was  uttered,  something  has  been  said  also  about  the 
influence  of  tenperatore  upon  physiological  action,  the  present  author 
believes  that  the  matter  is  more  complex  than  even  that  of  chemical  reaction, 
dark  as  that  may  be." 

The  early  history  of  the  researches  on  the  value  of  the  tesperature 
coefficient  was  dominated  by  the  thought  that  a  proof  of  the  ohemicai 
character  of  the  vital  processes  could  thus  be  furnished.    It  was 
assumed  that  since  the  parallelism  between  purely  chemical  and  vital 
processes  was  emphasii;ed  by  the  equality  and  constancy  of  «t   in  both  kinds 
of  reactions,  an  arg^oment  for  the  identity  or  at  least  the  similarity  of 
the  two  classes  of  processes  could  thus  be  built  up.    Vant'  Uoff's 
formula  was,  therefore,  taken  as  a  diagnostic  sign  for  recognizing  a 
chemical  as  distinguished  from  a  physical  reaction. 

We  have  already  seen  the  emphasis  placed  upon  this  parallelism 
in  the  quotation  from  Snyder  I'll,  pg.  175)  given  in  a  previous  paragraph. 
Loeb,  also,  while  summing  up  his  own  and  Snyder's  work  on  the  temperature 
coefficient  of  contraction  of  strips  of  heart  riiUSJle,  says,  "These 
experiments  show  that  the  heartbeat  is  caused  by  chemical  procesees  which 
go  on  constantly."  (Loeb,  'C6).    At  the  time  when  this  was  written,  no 
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P'orely  physical  phenomenon,  with  the  sole  exoeption  of  the  presa^re 
exerted  by  steam,  was  known  with  a  temperatare  coefficient  even 
approximately  as  great  as  those  of  a  chemical  reaction.    Since  that 
time,  however,  other  sach  phenomenon  have  been  discovered.    Thus,  the 
dissociation  equilibrium  of  weak  elootrolytes  between  the  limits  of  0 
and  2E  degrees  has  a  h.,q  of  2.5.  The  internal  friction  of 

glycerin  and  the  electrical  conductivity  of  certain  salts  in  glycerin  have 
the  same  coefficient.  (Davis  and  Jones,  '12). 

The  discovery  of  these  facts,  together  with  the  increasing  number 

of  cases  in  which  ^       has  been  shown  to  be  variable,  has  been  largely 

influential  in  changing  the  attitude  of  physiologists  towards  the  meaning 

of  the  i-j^Q.         Thus,  Kanitz  says,  "Die  B(iT  RRJil  (Die  Beaktlonsgeschwindigiteit- 

Tenmeratur  Kegel)  befasst  sich  nicht  mit  der  Konstanz  von  *, ^,  sondern  nor 

10 

mit  der  (IrSsse  der  Teii;)eraturabhangigkeit*"  It  is  now  ret;arded  as  a 

convenient  method  of  measuring  the  dependence  of  a  given  process  on 
teiqieratare.  It  tells  us,    in  other  words,   by  how  many  times  a  reaiction 

is  accelerated  by  a  ten  degree  rise   in  tenperature. 

It  is  in  ^his  sense,   therefore,   that  we  shall  discuss  farther 
the  teii$}erat'ure  coefficient  of  the  rate  of  locomotion  in  Amoeba,   as  a 
measure  of  the  dependence  of  the  rate  upon  temperature. 
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o)  The  Leaning  of  'V  In  the  Van't  iiott  Korrcula, 
as  Applied  to  fllologioal  ProceBBes, 

The  tvn  variable  factors  in  the  van't  Hoff  formula  are  "t",  the 
tenperafore,  and  **lx^ ^   the  rate  of  the  reaction.    "t"  obviouely  can  have 
bat  one  meaning,  the  tenperatur**  measired  In  degree  Centigrade.    The 
nseanlrg  of  "k",  however,  rr.uot  neoesaarlly  change  depending  upon  the 
character  of  the  reaction  which  is  being  inveetisated. 

In  determining  the  rate  of  a  chemical  reaction,  we  usually  measure 
the  amount  of  a  chemical  substance  transformed  in  a  given  time  Interval. 
Such  a  method  of  measuring  the  rate  of  a  biological  reaction  is  applicable 
to  many  processes,  such  as  the  respiratory  interchange  and  tnetabolio 
reactions.    But  there  are  other  reactions  in  vhich  we  could  not  measure 
the  amo'unt  of  substcnce  transformed  without  destroying  the  living  tissue, 
while,  in  others  again,  we  should  not  succeed  in  making  a  determination 
even  If  the  tissue  were  destroyed. 

To  give  some  idea,  therefore,  of  the  great  number  of  possible  ways 

in  which  the  rate  of  a  biological  process  may  be  leteridned  with  a  view 

to  their  study  by  means  of  the  van't  Hoff  formula,  the  following  list  of 

measurable  processes  has  been  coTTj)iled,    Each  item  in  the  list  has  been 

act'ja.lly  represented  by  "k"  in  determining  the  rate  of  a  particular 

reaction,  by  various  investigations  :j.nd  the  list  mi^ht  easily  have  been 
lengthened. 

Frequency  of  the  heart  beat. 

i'reiiuency  of  excised  heart  muscle. 

Frequency  of  the  dorsal  blood  vessel. 

F'jlsation  of  medurae. 

Rhythmical  contr:iction  of  the  oesophagus. 

ilyrthraical  oontraotion  of  the  stomach. 

Frequency  of  breathing. 

Pulsation  of  vacuoles  in  protozoa. 

Periodicity  of  the  rhythm  of  electric  organs. 

Eate  of  conduction  in  nerve  fibers. 

Length  of  the  latent  period  in  ratJscle. 

D'uration  of  muscle  action. 
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llate  of  propat;atlon  of  tho  contraction  wave  In  mascle. 

Latitude  of  contraction  In  muscle. 

Stimulation  period  of  raicole. 

Lent't^i  '5^  the  presentation  time  for  (jeotroplo  and  phototroplo  response 

Ir.  plants. 
Bate  '^f  protoplasmic  streaming, 

Sapidity  of  change  of  osmotic  press'xre  ir.  plant  tissue. 
Quantity  of  water  abeorbod  by  tlssie. 

Length  of  interval  between  adnlni strati  on  of  lethal  doses  and  death. 
Duration  of  periods  of  narcosis. 

Duration  of  life  under  various  controlled  conditions. 
Rate  of  development  of  eg-^s. 
Length  of  incubation  periods, 
llultlpllcution  In  protozoa. 
Bate  of  regeneration, 
Elon^jatlon  In  the  -growth  of  plants. 
Am.ojnts  of  00,  ellirJ.ncted, 
'Quantities  of  Oxygen  cons'imed. 
•iuantltles  of  COg  assimilated. 
Formation  of  COg  in  fermentation. 
Coagulation  period  of  blood. 

It  Is  obvious  tnat  almost  any  physiological  process  will  lend  Itself 

to  such  studies  as  we  are  here  discussing.    Any  quantity  of  matter,  or 

time  interval,  or  rate  of  motion,  or  frequency,  involved  in  a  chemical 

or  a  physiological  reaction,  and  dependent  for  its  value  on  teriperature  may, 

therefore,  be  used  as  "k"  in  the  vant'  Hoff  formula. 
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B.     THE  i-"C3Ii:iULA  JrXIi  CILOULATINJ  TFIE  TUiPiiiAI'J'.i:  COLi-'i'lCimT 
a]     Derivation  of   tha  F-nr'ila 

Varloar  for'oulae  for  oaloulatin^  the  t^rqieratJre  oc^fflolent  of  a 

oheitiloal  reaction  for  a  IC  de^ee  interval  have  been  sug^jeeted.         The  one 

now  in  general  use,   eopeolally  in  bloloiflcal  literatore,   is  the  following: 

10(102  ^-^  -  loff  k, ) 
y         =     10     -^ ^ 


'10    -    -^^  H-H 

where  ft,,.  Is  the  ten^ieratire  ooefficient  for  a  10  de»5rce  interval; 

k-  and  Ic.  are  the  rates  at  temperatoxes  t,  and  t  ,  reepectively. 

This  fornala  may  be  derived  from  berthelot'B  original  formula, 

k^  =  a.b^l  (1) 

where  k  is  the  rate  of  the  reaction  at  tenjerat'ire  t  ,  and  a  and  h   are 
constants  depending  upon  the  nature  of  the  reaction. 
Formula  (l)  may  be  written, 

log  y^  z   lot'  a+  t  •  lot;  b.  (2) 

If  we  now  let  log  a  =  A 
and  log  b  =  3 

we  have  from  (2),        log  k  =  A+ B»t  (3) 

Sirdlarly  for  another  temperature  t^,  we  should  have, 

log  kg  s  A+-  Btg  (4) 

Sibtracting  (3)  from  (4), 

log  kg  -  log  k^  '  ^tg-Bt^  =  ^^^2"*1^  '^' 

Hence  it  follows,  that  if  we  can  determine  experimentally  the  rate  of  a 
reaction  at  two  temperatures  tg  and  tj^,  we  may  calculate  the  constant,  £, 
for  then 


loc  fc,  -  log  k, 

3  r  1* ^ 

'"L   -  'l  16) 


?or  a  10  dsTree  interval,    therefore, 
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t,  -  t  =  10 


k  -  Ic 
2     t+10 

\=  ^ 

Substltitln^  th«se  values  In  (5) 

^°^  ^t+  IC  "  •'•^"  ^t  "  Blt-HO-t)   =  10  B  17) 

Or,  in  other  words, 

log  -t±-i!i  ,  10  E.  (Q) 

\ 
Kow,  if  we  iPt  log  ii^Q  =  los  k^^  ^Q  -  log  k^  19) 

Then,  from  (8)  log  '^^^     =     loi;  ^t-*-  10  =  10  B  (10) 

and  ^,0  =  \  i   10  -  10  10  B 

\  Ul) 

But  from  (6)  = 

log  kg  -  loc  ki  U2) 

t2  -  t 

Therefore,  s instituting  Ir  til) 

(>      =10   10  i^og  ^?  -  io«  y-i) 

10  rrn 

.?     1 

This  formula  will  be  used  in  calculating  the  data  to  be  presented 
in  the  subseiuent  pages,  and  the  temperature  coefficient  for  a  ten  dejjree 
interval  will  be   BymboHzed,as  is  customary,  by  ^i^Q. 
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b)      Use   of  the  i'orrnula. 

A  sonewhat  elementary  diBC.i88lon  of  thie  formula  nay  not  be 
altojjether  out  of  pluco  In  a  pat,er   like  this. 

It  1b  obvious  that  If  I  desire  to  know  by  how  nany  times  a  ijlvec 
reaction  Is  acoelerated  by  a  rise  In  tenperatore  of  a  given  ma^jnltide, 
all  that  I  need  do  Is  to  divide  the  observed  r:.te  at  one  temperature  by 
the  observed  rate  at  the  othpr,   and  the  quotient  will  be  the  desired  value. 
Hence,    If  I   desire  to  Imow  by  how  nr^ch  a  given  physiological  reaction  Is 
accelerated  by  a  ten  degree  rise  In  teiperature,   I  need  only  divide  the 
rate  observed  at  one  temperature  by  the  rate  observed  at  a  teinperature 
ten  degrees  higher.         In  substance,   therefore,   all  that   Is  meant  by  the 
van't  Koff  temperature  coefficient  is  this,   that  if  such  an  operation  is 
performed  for  any  given  physiological  or  chemical  reaction,  the  quotient 
of  such  a  division.   If  the  particular  reaction  happen  to  follow  this  rule, 
will  be  found  to  lie  between  2  and  3. 

Kow  obviously,   it   is  not  al^vays  possible  to  measure  the  rate  of  the 
same  reaction  at  two  intervals  exactly  ten  de^oes  apart  In  tenjjerature. 
lor   is  it  true,  ircreover,   that  if  the  reaction  is  measured,    say,  at  five 
degree  Intervals,   that  the  Juotlent  which  I   ^et  by  perforiiics  the  division 
indicated  above,  will  be  one  half  of  that  which  I  would  get   If  the  reaction 
had  been  measured  at  temneratores  ten  degrees  apart.         For  Serthelot  has 
shoTO  that  the  rate   of  a  chemical  reaction  varies,  not  directly  as  the 
temnerat-jre,  but  as  an  exponential  function  of  a  constant.         To  enable  one, 
therefore,    to  compare  the  velocity  of  reactions,   even  though  they  be  treasured 
at  different  terperatoros  and  at  different  teiqserat'ore   intervals,   we  need 
sorae  method  of  reduclnij  our  observitions  to  standard  conditlone,   as  it 
were,         Van't  Hoff's  forirula  gives  us  such  a  method  for  reducing  our 
observations.         The  meaning  of  ■i.      1?,    therefore,   no  other   than  this. 
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that  if  I  h-.ve  two  reaotlor.s,   one  of  which  procefldr  at  the  rate     k     when 

th«  tenperature  Is  t.,   ind  the  other  prooseds  at  the  rate  lc_  when  t}ie 

terr^^oratxire   is  t     then,  ro  natter  how  cloae  together  or  far  apsu't   t     and 
2  1 

t     nay  be,    IK  THOSi:  iillA.O'riOKo  WELiE  TO  HiOCIED  AT  TIT  SALE  RA'i?E  OVa-.    A  TKi 

i3E]BI!E  T2il?aiAIiIiE  IKTH.VAL,   the  ratio  of  those  velocities  woald  have  the 

value  actually  oaloulated  from  the  formula  for  SI     . 

10 

It  Ib  not  neoessary,  therefore,  that  I  should  actually  hive 

measured  the  same  reaction  at  ten  de^jree  Intervals.    I  may  'oeasure  It  at 

two  tenyerature  Intervals  any  number  of  dei^ees,  or  any  fraction  of  a 

degree,  apart,  and  still  calculate  the  value  of  ^  .    The  value  which 

10 

1  find  will  theu  erx-ble  rae  to  comoere  the  velocity  of  this  particilar 
re:u;tlon  with  the  velocity  of  any  other,  with  the  assurance  that  I  am 
actually  ooi!^>arlng  comparable  data. 


I 
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2,     THK  TSlPniAIlEE  COZJ-FIGIENT  OF  THE  iiATE  OJ-'  LOCOyOTIOli 

Ili  iilOEBA 

A.  The  Temperat'ire  Coefficient  of  the  Inanedlato 
Locomotor  Beeponas  to  a  Chance  of  Temperature 

In  discussing  the  irmedlute  locomotor  response  of  Amoeba  to  a  change 
of  ten5)erature,  we  have  emphasized  the  great  variability  of  bahavior  both  of 
one  individual  and  of  several  individuals  compared  with  one  another.    Se 
have  seen  that  when  the  temperature  changes,  the  animal  may  respond  by 
coming  to  rest  immediately  or  it  may  continue  at  the  rate  of  motion  which 
it  had  before  the  temperature  was  changed,  or  it  may  accelerate  or  retard 
its  rate  of  motion. 

Clearly  then,  no  special  significance  can  be  attached  to  a  teiiperature 
coefficient  of  a  reaction  of  such  variability.    The  coefficient  may  vary 
from  Infinity  to  almost  finite  valae. 

There  is  OPe  epecial  case,  however,  of  an  Inmedis-te  response,  which 
deserves  mention.    The  data,  unfortunately,  are  by  no  means  sufficiently 
ample  to  enable  one  to  discuss  the  matter  fully.    We  refer  to  the  response 
of  Amoeba  when  the  temperature  is  raised  but  very  slightly  from  a  low 
tenmerature  in  which  locomotion  is  just  barely  perceptible.    Individual 
JQ-aX  will  f Ornish  an  Illustration.    At  11  degrees,  it  moved  for  6  minutes 
at  a  rate  of  .83  mm.  per  minute.    Irrcediatel;,'  after  the  tent)erature  was 
raised  to  12  degrees,  its  rate  was  accelerated  to  ?.20  nm.  per  itlnute. 
If  we  evaluate  the  temperature  coefficient  of  such  a  change  of  rate  by  the 
methods  we  have  described,  we  should  get  the  enornous  value  of  72E6C0  for 
Q  .    dinJlarly,  Individual  -L*JkV  moved  at  a  rate  of  .50  itin.  per  minute  at 
9.5  degrees,  bit  iTrrediately  after  the  temperature  was  raised  to  10.6 
dei::rees,  its  rate  was  acoelemted  to  3.5  mm.  per  minute.    This  change  of 
rate  gives  a  value  of  28  million  for  -i-^Q, 
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Unusually  hl^jh  teKperatore  coefficients  are  r  ?t,  entirely  unknown 
In  the  literat'ore,    Th-.is,  Loet  ('08)  In  hie  lnv»>?fti Ration  of  the  duration 
of  life  of  the  egge  of  3tront:ylooentrotiiB  p'orpurutae  at  various  tei^ferat-jres 
fovmd  that  they  coald  endure  a  tenyeratirre  of  26  degree*  for  a  time  interval 
of  more  than  76  and  less  than  81  minutos,  while  they  oould  end'ore  a 
temperature  of  21  de;^eeB  for  24  hours.    The  tetrperature  coefficient  of 
saoh  a  ohari^js  In  the  diration  of  life  vnuld  n;ive  a  vilue  of  1460  for  ii  . 
iloore's  work  (*10)  on  the  temperature  ooeffiolent  of  cy to  lysis  of  the 
'xnfertiliaed  sea  urchin  egg,  leads  to  similar  lar^e  values  for  ^-.r,*       One 
series  of  experiments  t.'ave  3900,  anather  2300  for  the  terperature  interval 
SO  to  26  degrees. 

'J?e  may  perhr-ps,  —  if  the  speculation  is  allowable  —  find  ar 
analogy  between  the  cases  cited  and  the  change  of  the  rate  of  locomotion 
in  Acoeba  at  low  temperatures.    They  seem  to  have  this  in  common  that  in 
both  cases  we  are  dealing  with  organism  in  peculiarly  labile  e^ulllbrlun. 
A  n'imber  of  similar  physiological  processes  here  suggest  themselves.    It 
has  often  been  pointed  out  that  fishes  at  spawning  time  are  specially 
responsive  to  the  slightest  change  of  environment  (Shelford,  V'3).    If 
we  rerember  that  in  this  case,  as  well  as  in  the  case  of  a  developing  e;^ 
we  are  dealing  with  physiologically  critical  conditions,  we  might  make  a 
similar  supposition  for  Amoeba,  which  is  Just  able  to  work  at  a  given  low 
tenqperat-ure.    It  might  possibly,  at  such  a  tine,  be  in  just  such  a  condi- 
tion, ';hat  the  slightest  rise  in  tcn5:erat  ire  will  elicit  an  unusually  large 
response.    All  this  cannot  be  submitted  as  definitely  established,  however, 
and  more  work  is  desirable  to  anpllfy  the  data.    Concordant  evidence, 
however,  for  such  an  interpretation  of  the  phenomenon,  is  f  u-r1?«hpc3  ty  the 
fact,  that  in  the  present  investigation,  as  well  as  in  many  others  thut 
might  be  cited,  the  tenjjerature  coefficient  for  changes  at  lower  tenperatureB 


-156- 


Ir  so  froqiently  much  greater  than  It  is  at  hljhpr  tPmperatareB,    We 
ehall  h'jve  to  return  to  thin  point  in  the  dlBCuaolon 
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B.  The  Tenperat  ire  Coefficient  of  the  Avera*r»)  xiatee 

of 
Looomotion  of  One  Inllvldual  at  Different  Constant  TemperatureB. 

We  have  already  seen  that  while  the  averat^e  rates  of  locomotion  at 
different  teitperatures  of  one  Individual,  when  oompared  with  sinilar  rr\t<<s 
of  other  indlvidoals,  exhibit  conpLderabl«  variability,  this  variability 
is  not  as  great  as  that  of  the  actoally  observed  rates  of  looomotion. 
Similarly,  the  value  of  the  temperature  coeffloient  of  the  rates  of  locomo- 
tion of  one  indivlduiil,  when  compared  with  those  of  other  individuals,  »ill 
be  much  less  variable  than  the  teraperat'ore  coefficients  of  rates  at  the 
moment  of  change  of  temper atui'e. 

Still,  the  3on3tanoy  of  <       in  the  present  investitjatior.  is  not  as 
definite  as  one  might  have  been  led  to  expect  from  the  various  investiga- 
tions on  similar  phenomenon.    Even  the  statement  that  tks  average  rates 
of  locomotion  of  a  given  individual  increase  in  value  with  rising 
ten^^erature,  or  that  they  decrease  with  falling  temperat'ire,  cannot  be  made 
absolutely  general.    Out  of  213  temperature  changes,  163  avera^je  rates, 
or  60.8yS  obeyed  this  rule,  while  60  avera^^e  rates,  or  Z9,Z/o   did  nDt. 
tuch  less,  therefore,  can  we  spea^^  of  a  definite  factor,  by  which  the  rate 
is  accelerated  in  rising,  or  retarded  in  filling  temperat  ire. 

In  Table  ili  are  given  the  ternperature  coefficients  for  some  ot   the 

changes  in  rate.    l'.o   effort  was  made  at  calculating  the  coefficients  for 

all  the  changes  of  temperature  that  have  been  given  in  Table  JCV,  >is  s?  nciry 

of  them  are  negative,  and  no  special  significance  has  thus  far  been  attached 

to  the  magnitude  of  a  negative  coefficient.    Moreover,  in  Table  Xli,  the 

various  temperat  ires  for  '."hlch  the  coefficients  are  calculated  do  not  follow 

the 
one  another  In^same  sequence  in  which  they  were  applied  to  a  given 

individual  In  an  experiment.    In  calculating  the  coefficients,  many 
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Intarvonlns  ne^^tlve  ooefflcl^nts  have  been  oirltted,   and  only  the 
between  the  ratPB  at  different  tftrnperatires,  giving  ^positive  ooeif Icierta, 
hn/"  bfen   Inoladed.         Oar  parpoee  In  thl a  table  Is  rather  to   ohow  by  a 
oomtarlson  of  the  rat^e  at  different  terperatiirea,   the  extent  of  constancy 
or  v^iablllty  of  <i     . 

The  great  varlabllltv   in  the  value  of  ft       Is  made  obvious  by  this 
table.  The  values  lie  betweer.  1.0  and  16.2.         On  the  other  hjr.l,   out 

of  the  38  determinatioDB  given  in  the  table,    19  or  50}^  lie  between  1,5  and 
3.5,    and  8  or  21^  lie  between  3.5  and  5.5,  while  only  6,   or  15. e>,  lie 
below  1,0  and  only  5  or  13.2/t  lie  above  5.5.  27  or  71^,   therefore,    lie 

between  1,5  and  5.5,  .Vben  it  Is  borne   in  mind  that  these  are  the  values 

usually  fo'jrd  for  the  temperature  coefficients  of  by  far  the  greater  number 
of  physiolotjical  processes.    It  is  clear  that  we  are  here  dealing  with  but 
annther  Illustration  of  the  constancy  of  the  ^^^.t  provided  we  understand 
this  constancy,  not  as  a  rlfjorously  definite  niathematical  (luar.tity,    as  it 
was  at  one  time  thought  to  be,  but  as  one  that  may  vary  within  more  or   less 
wide  limits. 
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THE  VALUE  Oi'  Q      . 
10 

for  Average  hates  of  One  Indlvldoal 
at 
Different  Constant  Ten^eratures 


Individual 


Temperat'xre  Eange 
Degrees  C 


10 


LAI 
XXIII 


XXV 

x::vii 

XX7III 
XXIX 
XXXI 

XXXIII 
X;£XV 


x.:x7ii 

XXXVIII 

N 

XXXIX 
n 

XL 
It 

It 

XLIV 

XLVII 
It 

XLYIII 

XLIX 
II 

LII 

LIV 
II 

It 

N 

LV 

LVII 
LIX 


20  - 

11 

22.5- 

26 

22  - 

6 

22.5- 

20 

22.5- 

25 

24  - 

25 

20  - 

28 

20  - 

17 

21  - 

15 

21  - 

23 

21  - 

18 

20  - 

25 

20  - 

26 

17.5- 

10.5 

17  - 

19 

22  - 

19 

21  - 

15 

9.5- 

16 

21  - 

16 

12.5- 

15 

19.5- 

15 

21  - 

12.5 

20  - 

12.5 

20  - 

15 

18  - 

16 

25.5- 

13.5 

13.5- 

19 

20.5- 

15.5 

18  - 

12.5 

18  - 

14 

16  - 

22 

24  - 

17 

17  - 

25.5 

17  - 

26.5 

17  - 

27.5 

24  - 

26 

19,5- 

18 

20  - 

21.5 

1.90 
1.00 
2.56 
4.22 
2.82 
3,45 
1.92 
4.50 
1.60 
3.48 
6.39 
4.10 
5.07 
1.12 
1.47 
2.47 
3.49 
1.15 
7.11 
3.40 
2.93 
1.40 
1.58 
4.76 

1.97 
5.24 
6.3-4 
3.97 
11.97 
1.70 
3.19 
3.43 
2.30 

1       90 

X  .  *"*- 

3.62 

16.2 
1.93 


C.     The  Tenperaturo  Oo^fflolent  of  th«  Arerage  Ratos 

of 
Locomotion  of  Dlfferont  individuals  at  Different  Tenperatures. 

In  disousBlng  £"!?,   17,  we  desorib'^d  th©  manner   In  which  the 
"Carve  of  Averages"  was  drawn.         It  wue   said  th.it  the  rates  of  locomotion 
of  all  the  individuals  observed  at  a  given  t*t!qperet'ure  were   averaged,  by 
adding  their  total  distance  traTersed  at  that  terrperatare  and  divldiaj: 
this  by  the   sum  of  all  the  tiie  intervale.         This  irethod  ^tve  the  average 
rate  of  looonotion  of  all  the  individuals  observed  at  that  temperature. 

If  we  now  determined  the  tenjperat ore  coef fiolerts  for  those  values, 
we  should  expect  a  closer  correspondence  of  the  coefficients  than  was  found 
in  the  previous  section.         In  lable  JiX,  we  find  the  results  of  such  a 
calculation.         In  the  first  coluam  are  fjiven  the  tenperatires,   in  the  second, 
the  average  rates  of  locomotion  for  that  tenjierature,   in  the   third,   the  value 
of  4^-,  calculated  by  using  the  rate  at  6  degrees  for  a  coinpsurison. 
Jnfortunately,   there  is  little  uniformity  among  workers  In  this  field  con- 
cerning the  method  of  calculating  the  value  of  4     .         Some  of  them  use  the 
r.ethod  of  progressing  average,  est^ibllshlng  the  value  of  4^^,   for  rates  at 
s'lcoessivo  f'mperat  ires;   others  a-raln,   cor'^are  all  their  findings  with  some 
basic  valae.         The   first  method,    If  en^loyed  in  the  present  case  gives  re- 
sults of  little  value,  as  with  rising  te-riperature,    so  many  of  the  average 
rates  are  smaller  9t  a  hljjher  than  they  are  at  £.  lower   tenperat'ure  and  hence 
would  !?lve  a  negative  coefficient.         We  have,   therefore,   coraiared  their  all 
with  the   slowest  rate,  which  ?uippened  to  be  at  tho  Ic'/est  terperatvre.       In 
other  words,    in  the  formula, 

10(10 J  k2  -  log  \c, 

^10  --    1°  tiiti 

t  has  alweys  been  taken  as  6  de.jree8. 

It   "     "     "    "   "  1.38  mm.  the  rate  at  6  degrees. 


-161- 


T  i.  £  L  E     JUL 


TH2  VALUE  OK  4     . 

For  Averat^e  Katos  of  Loooraotlcn  of  All  liidlyld'OfllB 

at 
Different  Temperatures 


Terrperature 

Rate 

'^lO 

Dejrees  C 

llr,  ner  llln. 

Compare!  with  Late 
for  6  dei?reo8 

6 

1.38 

6 

1.53 

1.67 

9 

1.42 

1.08 

10 

1.84 

2.06 

11 

1.57 

1.29 

12 

1.53 

1.19 

13 

2.59 

2.46 

14 

2.7? 

2,89 

IE 

2.74 

2.14 

16 

4,30 

3,12 

17 

4.92 

3.18 

16 

5.11 

2.98 

19 

4,79 

3.11 

20 

4.26 

2.29 

21 

5.51 

2.52 

22 

8.09 

3.02 

23, 

6.17 

2,41 

24 

6,04 

2.31 

25 

8,77 

2.65 

26 

5.17 

1.93 

27 

4.36 

1.69 

26 

5.51 

1.88 

29 

5.22 

1,98 

30 

6.20 

1.87 

32 

4.40 

1,56 

Bates  Compared       Ten^. 
Pro^esslvely         Kance 


1,67 
2.52 

7.13 


E.30 


1.43 


5,74 


1.31 


-  2.01 


5-3 
8-10 

10  -   13 


13  -   16 


16  -   19 


19  -  22 


22-  S^ 


Z^-3  0 
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In  the  record  last  ool-amr  of  Table  XJt  ar»»  ?:lTor  tho  valaee  of  *   ,  oilculiited 
aooordlntj  to  the  icor"  ip  lul  procedure  of  coicparln.;  the  rateg  prosresBlvely,  ard 
In  the  last  oolumn,  the  teraperatare  Interval  f^r  whloh  these  val  les  were  calou- 
lated.    We  have  omitted  In  thin  fr-. -rosslon  those  rates  whioh  were  smaller  at 

a  ;ii^-r.er  than  those  at  a  preoedln^  lower  temperature,  so  as  to  avoid  the  use  of 

fractional  ooefflclente. 

It  will  be  evident  from  Col'onn  3  of  this  table,  that  the  value  of  ^-   !■ 
not  constant.    it  varies  between  1,08  and  3,18.    It  seems  to  vary  in  three 
stages.   Between  6  and  12,  Its  value  is  very  close  to  1.5;  between  12  and  25 
de^ees,  it  is  very  c1o?q  to  2,7  and  between  25  and  32  degrees,  it  is  very  alose 
to  1.8.    The  8U?:je8tion  mijht  easily  be  elaborated  that  we  are,  therefore, 
dealing  with  a  progressive  chani?e  in  the  organism  itself,  and  that  whatever  the 
factors  are  thr*t  condition  the  rate  of  looomotion,  they  are  variously  operative 
at  different  stages  in  the  teranerat'ore  ran^e.   —  -e  shall  return  to  this  point 
in  our  discussion. 

It  is  also  evident  from  the  table  that  there  is  a  very  marked  diminution 
of  the  coefficient  above  25  degrees.    In  discuBsing  the  terqperature  coefficient 
of  biological  processes  in  general,  we  have  called  attention  to  the  fact  that  it 
is  rather  ooimon  to  find  such  a  decrease  in  the  value  of  the  coefficient  iu   ail 
those  processes  that  exhibit  an  optimiam.    Just  what  the  meaning  of  this 
phenomenon  i*s  in  the  present  case  cannot,  of  coarse,  be  definitely  stated,  but 
that  it  is  a  comnwn  characteristic  of  vital  processes  is  obvious. 

In  Column  4  of  Table  XX,  as  we  have  said,  are  given  the  temperature 
coefficients  of  the  r?.te8  for  rising  ten^jeratures,  calculated  by  conqjaring  the 
rates  progressively.    In  other  words,  the  rate,  k2  of  one  calculation,  becomes 
\Ci  for  the  next,  while  tg  of  one  becomes  t,  for  the  next.    This  col'omn  is 
inserted  here  only  bee-use  this  is  the  more  common  method  of  calculating  the 


( 
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ooefflclent.  Clearly,    the  value  of  .^^   in   thia  colore  1«  not   »-ach  as   to 

give  us  a  better   Insight   Into   the  rolatior.  of  tem^.eratore  to  the  rute  of 
looomotion. 
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D.  The  Tojqperatvxre  Coefficient  of  the  Averasje  iiate 

for 
i'lve  Dflijree  Intervals 

We  have  seen  from  Table  XVII  that  there  1b  a  progressive  increase 
in  the  rate  of  locomotion  in  Amoeba  for  five  decree  Intervals  from  10  to 
25  decrees  and  then  a  decrease  in  the  r.^kte.    The  tertperature  coefficients 
for  those  changes  arfl  given  in  Table  XJil,         The  tatile  is  arranged  lilte  the 
preceding  one,  with  the  difference,  however,  that  in  the  third  col'onn,  the 
coefficier.ts  are  calculated  with  the  rate  at  10  decrees  for  con5)ari3on. 
The  same  general  feat'.ires  of  locomotor  behavior  are  shown  In  this  table  as 
are  shown  in  the  previous  one.    The  rapid  increase  In  rate  at  the  lower 
temperat'ores,  and  the  grad'jal  decline  in  rate  after  the  optinror:  has  been 
reached,  are  enrphaeised  better  perhaps  in  this  table  than  in  the  preceding 
one. 


The  variations  in  the  value  of  i       are  plotted  in  i'ig.  16,  together 
with  the  variations  In  the  rate  of  locomotion,  —  thus  better  to  show  the 
relation  between  the  values  of  the  rates  and  those  of  4^.. 
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TABLE     l^il 


THE  VALUE  OF  * 


10' 


for  Five  Defjree  Intervale 
iCalculated  from  the  V/hole  toss  of  Data) 


Temt'erature  Rate 

De^Toes  C         lira,  per  illn. 


^10 
Compared  with  Bate 

for  10  degrees 


>. 


Te-rp. 


Satee  -ospared      iian>je 
ProgT-esBively         De>?reeg  3 


10 

1.5 

15 

3.5 

20 

4.9 

26 

5.5 

30 

5.4 

5.42 
3.27 
2.38 
1.89 


5.42  10  -  15 

1.96  15   -  2C 

1.26  20  -  25 

-1.586*  25   -  30 


•Calcalated  by  taking  kg  *"^r  25  dei^rees  and  k^  for  30  decrees   (Snyder's  rsetholl 
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£.  The  Tempprnture  Coefflolflnt 
of 
Uaxiiml  Eetes 


It  will  be  recalled  from  a  previous  part  of  thin  peper,  that  the 
maximal  rate  which  an  amoeba  may  attain  at  a  lylven  temperature,  oeema  to 
be  definitely  determinable  by  that  tenperature.    i^e  have  shown  that 
these  naxlmal  rates  Increaee  from  2.fl  aar,  per  minute  e.t  6  de-^rees  to  a  rate 
of  12.5  mm.  per  minute  at  21.5  de^jrees,  and  that  beyond  this  optlnun  there 
is  a  fairly  sharp  decline  in  the  maxiraura  attainable  rcte.    The  maximal 
values  at  various  temperatures  have  been  given  In  Table  JiVIIl,  bat  they 
are  repeated  in  Table  XXII,  7/here  also  the  values  of  ^^^  are  ^iven  for 
these  rates.    The  coefficierts  are  all  calculated  by  comparitig  the  ratec 
at  the  hit^her  tert^jerat'ures  with  the  rate  at  6  dei^frees.    The  ^'alues  of 
the  coefficient  are  plotted  in  Fig,  19, 

The  uniformity  of  the  temperature  coefficient  of  the  maximal  rates 
is  striking,  es^'eclally  when  this  -Tniformity  is  compared  with  the  great 
variability  of  the  coefficient  of  average  rates,  which  we  have  had  such 
frequent  occasion  to  point  out.    Over  a  ten  decree  ran.2:e,  from  15  to 
approximately  25  dCj^ees,  the  valuo  of  the  coefficient  is  practically 
constant.    The  value  of  the  coefficient  belov?  10  degrees  again 
emphasizes  the  relatively  greater  value  of  the  coefficient  at  lower  than 
at  higher  teraj^erat  ires,  and  its  val  e  below  21.5  de^jrees,  the  relatively 
smaller  value  at  hifrher  than  at  lower  temperat'ire.    While  in  -"-eneral, 
therefore,  the  values  of  the  temperature  coefficient  for  maximal  rates 
varies  in  the  samo  sense  as  thit  for  average  rates,  still,  «i.Q  for  maximel 
rates  is  m-ich  more  constant. 

Another  point  that  may  be  noteworthy  is  the  following.    The 
maximum  average  rate,  as  we  have  seen,  lies  very  near  23  degrees.    The 
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greateet  raaxlmam  rate  on  the  other  hund  Is  at  21. £  detjTees.  There  le, 

therefore,   a  shift  downward  In  the  ^jreutest  value  of  at    least  a  dejree 
and  a  half  for  the  maximal  as  compared  with  the  avflra;e  valaes. 
•ihether   or   not   this   is   si^jnif leant  cannot   be   said  without   farther 
inveati-^ation. 


1 
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A  S  I.  E     .LXJI 


THK  VALJL  Ot  Q.^^ 
for 


Uaxioal  Kates  at  Various  Tctnperatores 


Temperature  Bate  "^^q 

De^ess  C  Lm.   per  Uln.  Compared  with  Kate 

at  6  de^ees 


6  2.8  

10  4,6  3.27 

15  6.7  2.64 

18  8.9  2.62 

20  10.7  2,61 

21.5  12.5  2.63 

24  11.2  2.16 

27  11.0  1.92 

28  9.0  1.70 
SO  6.5  1.42 
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y.     Siunnary   of  hesults  from  the  Various  Calcalatlons 

of  the 
Value  of  *i,Q 

The  Tarious  calculationB  of  the  value  of  ^       have  each  revealed 
some  special  features  of  the  dependence  of  locomotor  activity  on 
tenperature. 

1.  The  comparison  of  the  values  of  <i   for  the  IniQsdlate  response  to 
a  change  of  temperature  has  emphasized, 

a|  the  great  variability  In  the  value  of  the  coefficient; 

b)  the  existence  of  abnormally  large  coefficients  at,  what  are 
presumably,  critical  points  in  locomotor  behavior. 

2.  The  con5)arison  of  the  values  of  'i       for  the  average  rates  of  an 
individual  at  different  constant  terrperatures  has  emphasized, 

a)  the  larrje  preponderance  of  coefficients  that  lie  between  1.5 

and  5.5; 

b)  the  occasional  occurrence  of  conparatively  large  coefficients 

between  small  temperature  intervals. 

3.  The  con^iarison  of  the  values  of  'i,^   for  the  average  rates  of 
different  individuals  at  different  temperatures  has  emphasized 

a)  the  three  tenperatare  stages  in  the  variations  of  the  value  of 

the  coefficient; 

b)  the  marked  decrease  in  the  value  of  the  coefficient  above  25  degrees. 
4*  "t^^  for  five  degree  intervals  calculated  from  the  whole  mass  of 

data,  has  emphasized, 

a)  the  high  value  of  the  coefficient  at  the  low  tecperatures; 

b)  the  gradual  decrease  in  its  value  as  the  optimum  is  gradually 

approached  and  finally  passed* 

5.  <*,„  for  maximal  rates  has  emphasised, 

a)  the  constancy  of  this  coefficient  over  a  convaratively  large 

temperature  ramge; 

b)  the  three  temperature  sta,^8  in  the  value  of  this  coefficient, 

already  referred  to  under  3,  a)  above. 


1 
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3.  A  DISCJSSIOK  OF  THE  MEAUIW3  OF  THE  iflJCTJATIOMO 
IK  VaLJI:  of  <i^Q  aXa    the  KAIE  of  LOJUtOTlOIi 


The  following  oatstandliTj  chsraoterlstios  of  t).o  tfmr.eratore 
ooefflcient  for  the  rate  of  locoraotlon  In  Amoeba  deoiJiJ.  farther 
discuBslon: 

1)  The  extremely  »jreat  variation  in  the  value  of  the  ooefflcient  for 
the  tetqseratare  chau^^es  to  whioh  a  siajjle  individual  wus  subjectod. 

2)  The  relatively  hijh  valie  of  the  ternperature  coefficient  at  the 
lower  tenperatares. 

3)  i'he  decreasing  value  of  the  ooeffioier.t  in  tne  rA^ner   temperat  ires. 

A.  Variation  in  the  Valae  of  s,iq. 

In  Table  .\1A,   we  have  aonimariiied  soine  of  the  data  presented  in 
extenso  in  Table  iV,  together  with  the  teirperatore  coefficients  for  the 
variOAS  chaa^es  in  tenperatare  to  which  the  different  individuals  were 
subjected.    V/e  have  seen  that  the  value  of  the  temperature  coefficient 
for  average  rates  of  different  individuals  may  vary  between  1.0  and  16, 
an  extrercely  great  variation. 

This  fact  must  clearly  be  correlated  with  a  number  of  others  which 

have  been  touched  upon  in  the  preceding  pages. 

al  the  ^reat  variations  in  the  avera.-je  values  of  the  rate  of 
locomotion  at  constant  temperat.ire;  and 

hi  the  influence  of  rhythm  upon  the  rate  of  locomotion. 
We  have  en^ihasized  the  fact  that  the  rate  of  locomotion  is  deterrined  to 
no  small  extent  by  the  phase  of  both  the  long-period  cu  i  the  jhort-period 
rhythm,  in  which  the  amoeba  happens  to  be  at  the  moraent  ..hen  the  measure- 
ments are  made. 
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It  Is  clear,  therefore,  that  If  these  observations  ure   correct, 
the  rhythm  must  Inflaence  the  valae  of  the  coefficient.    Lorande  L. 
Woodruff  ('lla)  has  shown  that  in  his  pedigreed  caltares  of  Paramoeciuin 
"the  reprodaotive  activity  shows  cycles  and  rhythms".    These  cycles 
and  rhythms  are  of  mach  longer  daratlon  than  those  we  have  fomid  in  the 
study  of  the  rate  of  locomotion.    Still,  in  some  respects,  they  may  be 
comparable.    In  his  studies  on  the  teiqperature  coefficient  of  the  rate 
of  reproduction  of  this  organism.  Woodruff  found  that  "Records  of  a  line 
of  cells  with  the  descending  phase  of  the  rhythm  predominant,  subjected 
to  26  decrees,  and  a  line  of  cells  with  the  ascending  phase  predominant, 
subjected  to  24.5  degrees,  may  actually  show  (during  the  per si  stance  of 
the  rhythms)  a  more  rapid  rate  of  division  at  the  lower  than  at  the  higher 
temperature.    Accordingly,  in  this  study  it  has  been  necessary  to  be  sire 
that  the  animals  subjected  to  the  different  temperatures  were  in  comparable 
phases  of  the  rhythm,  or  that  the  experiments  were  sufficiently  prolonged 
to  include  one  or  more  conqjlete  rhythms.    It  is  clear  that  rhythms  are 
a  factor  which  must  be  taken  Into  account  in  any  study  of  the  physiology 
of  this  animal."  (pg.  149). 

Woodruff's  is  perhaps  the  most  striking  investigation  of  such  a 
phenomenon  in  protozoa  which  has  been  found  in  the  literature,  and  it  is 
of  such  convincing  a  character  that  there  can  be  no  doubt  that  his  caution 
regarding  "conparable  phases  of  the  rhythirf*  must  be  applicable  also  in  the 
present  work.    Unfortunately,  however,  observational  dlfriculties  make 
it  very  difficult  to  discover  the  exact  qtuantltative  relations  between  the 
periods  and  the  cycles,  —  what  we  have  called,  short-period  and  long-period 
rhythms  —  in  Amoeba.    The  long-period  rhythm  in  Amoeba  is 
approximately  an  hour's  length  in  duration,  anc^  us  its  discovery  means 
continued  observation  under  controlled  temperature  conditions,  as  we  have 
st-ited,  it  is  not  surprising  that  all  tne  Individuals  studied  were  not 
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"in  comparable  phase*  of  their  long-period  rhytha.    Ke-jardlng  the  short- 
period  rhythm,  the  effects  of  this  are  probably  olTaced  after  a  comparatively 
short  period  of  observation,  in  some  oases,  perha^iB,  alter  ten  minutes,  or 
even  less.    Kow,  when  it  is  borne  In  mind  that  in  Table  iiV   ,  avera*jes 
for  observations  of  decidedly  varying  diiration  were  presented,  and  that 
no  uniformity  in  the  duration  of  our  observations  could  be  secured,  owing 
to  our  experimental  methods,  it  is  not  at  all  surprising  that  the  temperature 
coefficients  should  show  so  wide  a  divergence. 

fie   may,  therefore,  conclude  with  some  assurance; 

(1)  If  the  rates  of  all  the  Individuals  studied  in  this  investi.{ation 
had  been  measured  "at  comparable  phases  of  their  rhythm",  the  values  of 
the  tenperature  coefficient  would  probably  have  been  much  more  uniform. 

(2)  Fluctuations  in  the  value  of  the  temperature  coefficients  for 
different  arcoebae  are  probably  due  to  a  great  extent  to  the  fact  that  all 
amoebae  cannot  well  be  studied  when  they  are  in  such  "con^iarable  phases 
of  their  rhythm". 
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B.   The  Ul({h  Value  of  ^,q  at  Low  TemperatareB  - 

A  second  point  re-carding  the  ten^erature  coefficient  which  needs 
farther  diacasBion  Is  Its  relatively  hi.^^h  valae  at  lov/  tomperatares.   We 
have  seen  that  In  the  case  of  one  inaividaal,AXilX,  the  valae  of  this 
ooefflolent  was  725,600",   and  In  another  case,  that  of  Individual  aaXV, 
it  was  even  greater.    i^e  have  also  pointed  out  the  fact  that  for  the 
general  average  rates  the  value  of  ^,q  between  iu  anl  it  de^jrees  is  b.-i,  — 
a  much  higher  value  than  it  has  at  higher  temperatures. 

The  point  is  a  very  obscure  one,  but  nevertheless  the  aa!:;ge8tion 
might  be  made  that  we  are  here  dealing  with  a  phenomenon  in  some  way  related 
to  the  heat  of  imbibition  of  colloidal  substances. 

a)  Several  worlcers  on  Amoeba  in  this  laboratory  have  comnented  upon 

a  very  noticeable,  apparent,  reduction  in  volume  of  Amoeba  under  certain 
conditions.    It  is  certain  that  when  Amoeba  comes  to  rest  in  low 
tenqperatures,  there  is  sometimes  an  extreme  diminution  in  the  area  visible 
in  axy  one  optical  plane  under  the  microscope.    iVhether  or  not,  this 
reduction  in  the  "optical  area"  is  associated  with  a  reduction  in  voIu-tw, 
oannot  be  definitely  stated.    It  seems  lllcely,  however,  that  there  is 
such  a  reduction.    IF  tnere  is,  the  reduction  is  conceivable  only  as  an 
extrusion  of  water. 

b)  Livingston   t'03)  has  shown  that  "If  a  filament  of  any  conanon  alga 
be  carefully  dried  externally  and  placed  in  olive  oil,  whose  temperature 
is  then  rapidly  lowered  to  the  vicinity  of  0  decrees  C.,  a  film  of  water 
may  be  seen  to  form  au-ound  the  filament,  and  partial  plasmo lysis  may  be 
observed.    rthen  the  temperature  is  again  brought  buck  to  normal,  the 
extruded  water  is  again  absorbed. 


•for„an  Imrnedlato  locomotor  response  to  a  change  of  temperature  from  11  to 
20  de  rrees. 
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The  aame  phenomenon  maiy   be  prodaoed  In  Uplrogyra  and  In  atentor  ooeraltis 

and  the  process  In  both  of  these  forma  Is  revernlblo.    Moreover,  Greeley, 

(•Ol,  'C2,  '03,  'C5)  describes  the  changes  tnat  talce  place  In  protozoa 

when  the  tenperatare  Is  lo.-'ored;  and  nfelntalna  that  these  ohangea  are 

accomi'anled  by  a  loss  of  water. 

cl  Furthermore,  iisi^raondy  l'2o,  pp.   369-70),  <iaotlng  the  results  of 

V/iedenann  and  Ludeklng  I '85),  says  that  the  heat  of  imbibition  per  gram  of 

gelatine  is  5.7  calories.    Uow,  if  it  could  be  shown  that  this  heat  irT-.bi- 

bltlon  is  related  in  some  way  to  the  amount  of  water  already  present.  In 

the  Imbibing  substance,  we  should  have  a  possible  explanation  of  the 

magnitude  of  the  teraperatare  coefficient  at  these  low  ten^jerat  ires. 

Rodewnld  I '97)  ciuoted  by  2.Bigmondy  has  shown  that  the  heat  of  imbibition 

of  water  by  starch  is  determined  by  the  quantity  of  water  already  present. 

This  fact  becomes  evident  from  the  following  table,  in  v/hich,  in  the  first 

column  are  given  the  percenta'je  of  water  already  present  in  the  imbibing 

substance,  and  in  the  second,  the  number  of  calories  developed  by  imbibition, 

per  gram  of  imbibing  substance. 

;o  of  'Kater  Present  i«o.  of  Calories  Developed 

in  Starch  by  Imbibition 

0.23  26.11 

3.23  20.97 

8.16  12.43 

12.97  7.37 

19.52  2.91 

l-ore  recently,  Kosenbohn   ('13,   p.    199)    concludes  from  his  studies  on  the 

heat  of  imbibition:      "Die   -iuellung  von  Stoffen  die   sich  wie  Jelatlne 

verhalten,    (scheinen  sich)    in  zwei  verschiedene  Vor^ange  zu  zerlgen. 

Der  erste  Vorgang  besteht   in  iner  geringen  >Vu3seraufnahn»    irl   ic  einer 

damlt  verbundenen  starken  positiven  •i'ttrniet'inung.       Dai-in  sjiixiusst   tioii  die 

eigentliche  nuellung,   fur  die  elne  sehr  grosse  ./asseraufnahir*  ohiie  roerkliche 

warmeentwiclcl'ang  charakteristlsch  Ist."       iatz   t'17,   p.   9)    is  inclined  to 
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greneralize  from  a  siraliar  phenomenon  which  he  foand  In  a  nomLer  of  aib- 
Btanoes.  "Anl-faillrf  gross  Ist  die  erste  ^aellun«5Bvr!lrme  ailer  dleaer 

^^ofte dio  .varmeentwicklung  die  aaftrUt,  wenn  eino  sehr  5,-rc8»e  ken^^e 

trockejer  Jabstanz  ein  Jram  Waeeer  aafnliant."       He  finds  the  heat  of 
iubibitloQ  to  be  for 

Casein 265  calories, 

Maclein 310         '• 

Cellulose 390         " 

Inulin 120         " 

Hofmeister  ('90)  and  Paali  {'^7)   had  stated  previously  that  the  Imbibition 
of  water  jj  gelatine  takes  place  at  first  "with  a  rush"  and  is  then 
gradually  retarded.    <Ve  see  then  that  the  first  amo'ont  of  water  imbibed 
gives  rise  to  a  great  heat  of  imbibition. 

Supposing,  then,  that  Amoeba  contain  a  minimim  of  water  when  at 
rest  in  a  very  low  ten^jerature,  and  but  slightly  more  v;hen  it  is  just  able 
to  move,  than  a  slight  rise  in  ten5)eratJire  nay  initiate  rapid  imbibition. 
The  heat  of  imbibition  may  then  give  rise  to  an  internal  temperature  In 
the  organism,  somewhat  hirjher  than  the  environment.    The  rate  of  locomo- 
tion may  then  be  determined,  not  so  much  by  the  ten¥)erature  of  the  environ- 
ment as  by  the  Internal  temperature  of  the  organism,    instantly,  however, 
as  the  rate  of  Imbibition  retards,  the  internal  tenperature  approximates 
nre  closely  to  the  teiiperat  ire  nf  the  er.vlronment,  and  the  latter,  there- 
fore, exerts  its  full  influence  upon  the  rate  of  locomotion. 

>«e   should  expect,  ii  this  is  trie,  that  tne  teniperature  coefficient 
should  show  a  marked  rise,  :it  first,  arl  then,  when  the  processes  of  water 
Intake  and  water  out- give  are  In  equilibrium,  that  the  c-j^f 'Icier.t  should 
show  a  uniform  value.    The  extent  to  ■vhicn  this  t.'ir.t/i.;  ivc  jor.ciusut:  is 

verifiable  in  the  present  investigation  is  obviois,  not  so  much  from  the 
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teirperatare  ooefflolents  for  avera*re  rates,  which,  as  we  have  said,  are 
InflaoncGd  tnarkodly  by  tho  rhythm,  bat  tmre  bo  from  the  values  of  the 
ooefflolents  far  the  maximal  rates.    i'or  the  water  content  of  the  anoeba 
Is  probably  associated  In  some  way  with  elasticity,  vloooelty,  and  similar 
factors  and  these  In  torn  determine  the  rauxlmal  rate,    i.ow,  the 
coefficient  for  maxinal  rates  (see  Tibio  *-^lI)  is  rather  high  for  the 
temperatare  Interval  between  6  and  10  decrees,  and  then  becomes  more 
'oriform  for  a  14  decree  Intorval, 

This  explanation  is  offered,  of  coarse,  merely  by  way  of  a 
sogjjestion.    The  varying  valaes  of  the  temperature  coefficient  them- 
selves would  lead  one  to  believe  that  we  are  here  dealing  with  the 
resultant  of  a  large  number  of  factors  ar.d  it  is  hi  jhly  improbable  that 
BO  comparatively  simple  a  relation  as  we  have  just  discussed  determines 
so  complex  a  phenomenon  as  the  mechanism  of  the  change  of  rate  in  Amoeba 
o'lst  be.    However,  this  explonation  probably  accounts,  at  least  In  part, 
for  the  abnornally  high  values  of  the  temperature  coefficient  observed  In 
some  oases. 
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C.     The  Deoreaein^  Value  of  ^       at  Hi>jher  Ten^jeratores  - 

It   ia  a   atrikine  faot   that  In  almost  all   the   Investl-j-ationB 


on 


the  velocity   of  biological  prooesaea,    the  value  of  v^       has  been   foiiid   to 
deoreaae  gradaaily  with  a  riae   in  teraperatare.  This  decre-tse  may   be   no 

rapid  and  regalar,    that  the  values  of   the  coefficient,  when  plotted  may 
lie  almost  on  a  straight   line   inclined  at   a  steep  an^le   ti   the   line   of 
abscissas.         Krogh  and  Johansen  found  such  a  curve  for   the  values  of  4,^ 
for   the  development  of  certain  fish  ejgs. 

Various  explanations  for  this  phenomenon  have  been  attenpted. 
We  have  already  referred  to  Sutherland's   ('08)    attempt  to  explain  this  fall 
in  the  value  of  h,.,q  by   stid^'ing  the  relation  between  the  velocity  of  nerve 
conduction  and  the  viscosity  of  water,   both  at  the  same  temperature.        >ie 
have  also  referred  to  iSnyder's   I'll)    critical  examination  of  this  view  as 
well  as  Putter's  effort   to   see  in  the  downward  variability  of  -i^^  the 
operation  of  the  "Law  of  Minimum." 

Lore  recently,  Broemser    t'2l)   has  taken  up   the     vexed  question  of 
the  velocity  of  the  nerve  impulse  at  different  tenperatures.         Various 
workers  have  found  i-,Q  for   this  reaction  to  ranje  in  value   from  1.4  to  3.0. 
Broemser,  hoover,   finds  it   to  be  as   low  as  approximately  1.02.         He  finds 
that  he  can  explain  this  low  coefficient  by  considering  the  velocity  of 
the  nerve   impulse  as  a  fiuaction  of   the  osmotic  pressure  and  the   specific 
gravity   of   the   solvent  in  the  medium.         The  'underlying  idea  in  all  such 
determinations  and  sugi^etlons  is  this,   that   some  action  other  than  merely 
a  chemical  one  must  be   responsible  for   the   low  valje   of  the  coefficient, 
and  since  physical  reactions  have  for  the  most  part   smaller   tec?)erature 
coefficients,   a  given  biological  reaction  for  which  the  teii5)erature 
coefficient  is  found  to  be   low.  may  be  conceived  as  dominated  by   some 
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phj'Ficai  i; I"-"-' <■' - -^ •  I'i   thsFe  oxpiDnationr,    thore   ie.    It  woild  eeem,   no 

neoecoity  of  denying  the  slmaltoneoafl  action  of  oh«Trlcal  :ind  phyolcal 
forces,  ae  tho  "Law  of  klnlrrom"  would  imi«edlutely  'beoome  operative,    and 
the  tecnierat  ire  coefficient,   which  is  experimentally  dotermlned,    "'^mu. 
really  be   the  coefficient  of  the  process  least   Inflienoed  by  ten^jeratare. 
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DISCaSSIOK. 


The  experinental  dutu  have  been  discisaed  at  the  end  of  each  part 
of  this  paper.  ▲.  few  words  retjardiiiis  the  wider  eit^lfioajQce  of  these 
data  may  here  be  added. 

Every  physiolosjloal  problem  must,    sooner  or   later,   brin^j  the 
Investigator  face  to  face  with  the   question  of  the  constitution  of  proto- 
plasm.        The  present  problem,   too,     raises  the   same  t^oestion.         Any 
further  discussion  of  the  meaning  of  the  variability  of  rate,   of  reaction 
to  tojiperature,  and  of  <*       in  this  particular  oase,  must  necessarily  go 
beyond  those  facts  of  experimentation  that  have  been  preseuted  here,   and 
must  establish  some   sort  of  coordiration  with  other  facts,   or  perhaps 
with  theories.  It  may  be  of  soce  interest   to  touch  briefly  upon  some 

such  phases  of  the  present  problem.         We   select  for   special  mention  these 
three, 

(1)  Surface  Tension  as  a  "Cause"   of  Amoeboid  i-ovement 

(2)  The  Optimum 

(3)  Rhythm 

(l)      Surface  Tension,   the  "Oause"   of  iimoeboid  Lloveoent  - 

It   is  not  our  purpose  here   to  enter  into  this  much  discussed 
qtuestion  in  any  detail.         Our  purpose   is  only  to  envhasize  ajain  the 
difficulty  of  oonceivins  so  complicated  a  process  as  amoeboid  movement 
in  terras   of   so  comparatively   simple  a  process  as   s-irface   tension. 
D'Arcy  Wentworth  ThoD5)8on   ('17,   p.     12)   gives  the  following  list  of  the 
factors  which  may  all  be  operative  In  changing  the  shape,  and,   therefore, 
directly  or  indirectly,    in  determining  the  rate   of  locomotion  —  of  AmoebA: 

1.  Cohesion.  7.     Viscidity. 

2.  Friction.  8.     Diffusion. 

3.  Gravity  ^«     Osmosis 
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4.  PresBore  of  various  Icinds  from  withoat.  10.  Chemical  forces  within  Gel 
6.   Siirface  Tension.  11.  KlectrLcal  Forces. 

6.   Viscosity  12,  Thermal  Inflaence. 

i:;.  Growth. 
Each  Tf  these  factors  has  a  tomperatare  coefficient  of  Its  o^m,   each  Is 
operative  in  a  most  varied  and  variable  substance  and  each  probably 
influences  the  organism  differently  under  different  temperature  conditions, 
•rtiile  it  is  true,  probably,  of  all  biolocical  processes,  that  they  are 
influenced  by  all  of  these  various  factors,  still  it  is  worth  ecqjhasizing 
the  thou:;ht,  in  connection  with  amoeboid  motion,  which,  by  so  many,  has 
been  considered  as  beln^  among  the  simplest  of  the  manifestations  of 
or^^anic  life.    The  efforts  made,  for  example,  to  explain  amoeboid  motion 
by  30  comparatively  simple  a  process  as  Surface  Tension,  is  an  instance  in 
point.    It  is  not  denied,  of  coarse,  that  Surface  Tension  probably  plays 
a  very  Important  part  in  locomotion.    But  to  see  in  Surface  Tension  the 
entire  solution  of  the  4uestion  of  amoeboid  movement.  Is  surely  to  neglect 
such  facts  as  that  of  the  rhythm  which  we  have  tried  to  establish  here. 
Moreover,  if  Surface  Tension  were  the  determining  cause  of  locomotion,  it 
seems  highly  unlikely  that  we  should  have  a^^^^  of  such  great  value  for 
some  temperature  Intervals,  or  that  its  value  should  change  over  the  very 
great  range  of  values  which  we  have  found  for  tnat  coefficient  in  the 
present  investigation. 
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U)  ThG  "Opt Imam"  - 

Moreover,  If  we  are  to  adopt  the  now  oaxrent  mode  of  thought 
rejjardlntj  the  stractare  of  protoplasm,  we  are  here  In  all  likelihood 
dealiiijj  with  the  end  result  of  a  chain  of  enzyme  actions,  all  operative 
in  a  heterogeneoas  colloidal  syetec;.    H'iber  ('14,  pg.  710)  has 
emphasized  the  coii?)lexity  of  reactions  in  such  systems,  especially  when, 
as  mast  happen  in  Amoeba,  the  calatyzer  is  itself  a  colloid.    For  in 
sach  cases  we  have  to  take  cognizance  of  the  change  in  surface  area 
(effective  area)  of  a  lar;^  number  of  particles,  of  imbibition  on  the 
part  Df  the  disperse  phase,  of  the  foriLation  of  intermediate  prodacts, 
and  of  a  large  number  of  Dther  partial,  or  viative,  processes,  all  con- 
tributing towards  the  end  result.    H(iber,  while  granting  that  it  has 
thus  far  not  been  possible  to  embrace  all  of  these  processes  in  a  single 
formula,  still  hopes  that  light  will  be  thrown  upon  all  this  complex 
physiological  behavior  through  the  study  of  the  "anorganic  ferments"  of 
Bredig,  the  colloidal  metals. 

One  Df.  the  chief  difficulties  against  anything  like  a  simple 
explanation  of  such  processes  as  we  are  here  discussing,  is  the  occurrence 
of  an  "optimam"  in  many  biological  processes.    Bayliss  I'll,  pg.  77) 
says:   "The  effect  of  heat  upon  the  activity  of  enzymes  holds  up  to  a 
certain  teirperatare,  which  varies  according  to  conditions;  up  to  this 
point,  raising  the  temperature  increases  the  rate  of  change,  but  a  further 
rise  slows  reaction  again."    *'e  have  en^phasized  this  mode  of  behavior 
80  general  in  biolo>?ical  processes  in  our  graph  for  the  rate  of  locomotion. 

In  his  explanation  of  tnis  phenomenon,  Bayliss  (I.e.)  recalls  that 
Ernst  I '01)  has  demonstrated  an  "optinom"  for  the  reaction  of  colloidal 
platiniE  upon  mixture  of  hydrogen  and  oxj-gen  gas.    He  parallels  with 
this  the  worA  of  Blackroan  1*05)  on  the  carbon  assimilation  of  the  ^een 


■102- 


leaf,  and  oonoladoB,'"!:!   the   first  plaoe,    the  apparent  optlmdm 
temperature  will  vury  coneiderably  acoordints  to   the  tlrae  which  has 
elapsed     between  the  beijlnning  of  the  expoBxre  to  a  partloalar   temperatire, 
and  the  period  dorin^^  which  the  estimation  is  made.  iiecondiy,    the   so- 

called  optimum  temperatore   is  merely  an  expression  of   the  fact  that  at  a 
certain  temperature  the  Increased  velocity  due   t-j  this  raised  temperature 
is  more   than  sufficient,   for  the  tin^e  only,   to  counteract  the  rapid 
destruction  of   the  enzyme.  It   (the  optimum)    has,    therefore,   a  negligible 

irqjortance,  both  theoretically  and  practically." 

It  may  be  doubted  whether  this  simple  explanation  will  hold  for 
the  "optimum"   of  locomotor  activity,   in  the  present   investisation. 
In  the  first  place,   the  optimum,  as  we  are  here   speaking  of  it,    is  the 
average  of  a  large  number  of  observations  on  a  large  number  of 
individuals,   during  a  prolon^d  time  period.  It   is  >iuite  conceivable 

that  an  optimum  in  Bayliss'    sense   should  be  found  for  even  a  con?)licated 
biological  process  in  an  individual,   in  which  it  Is  observed  for  a  com- 
paratively  short  period  of  time,         Moreover,  fllackman  establishes 
three  facts  upon  which  he  bases  his  interpretation  of  the  optimum; 

First,   "At  high  temperatures   13C  degrees  and  above  for  leaves  of 
cherry  laurel)    the  initial  rate  of  assimilation  cannot  be  maintained,  but 
falls  off  regularly."    Uuoted  from  Bayliss,    I.e.).         This  can  hardly  be 
accepted  un^iualifiedly  for  our  data  in  the  present  case.  Individual 

X/j\.,    for  example,    (see  Performance  necord  and  Graph  XXX)   maintained  its 
optimal  average  rate  at    12  for  15  minutes  at  22  de-jrees,   a  ten^jerat  ire 
only  half  a  degree  removed  from  the  optimal  average  rate  as  calculated 
from  the  whole  mass  of  data.         Moreover,   and  this  strengthens  the 
argument,    the  maximal  rate    of  movement  durln:j  a   single  minute,  was 
attained,   not  iraiaediateiy  after   the  temperature  was  changed,   but  fully 
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ten  mlnates  after  the  chan.ce.         The  oiolllationB  In  rate  at  this 
temporatire  were  no  greater  at  22  decree c  than  they  were  In  any  other 
temperat-ire.         uates  per  minute  in  a  sapra-optlnial  ten^ieratorc  may 
aotoally  ocoasionally  show  this  type  of  optlmam  described  by  Blacicraan, 
bat  average  optimal  rates  certainly  do  not. 

Bayliss  iiaotes  Blaokman's  second  fact,   apou  vmicn  ne  bases  nis 
concept  of  the  optlnroni,   as  follows:      "The  higher  the  ten^jeratore,    the 
Qore  rapid  is  the  rate  of  falling  off."         Translating  this  freely  Into 
the  terns  of  oar  series  of  experiments,   it  shoaia  rr«an,   thtt  the  ni^^-ner 
the  teiqjeratare  is  above  the  optinram,    the  less  tiice   shoald  elapse  before 
the  rate   should  decline.  Individual  A-tll    (See  Perforirance  E.ecord  and 

(Jraph  ^iiQI)   was  kept  at  a  temperature  of  25  de^ees,   a  full  degree  above 
the  optimum,   for  55  minutes.         During  that  time,   it  maintained  an 
average  rate   of  11,08  mm.   per  minute.  Its  maximum  rate  per  minute  was 

20  mm.   per  minute.         It  attained  this  shortly  after   the  tenperatiure  had 
been  raised  from  22  degrees,   and  in  so  far  it  acted  in  accord  with 
Blackman's  generalization,  but  it  also  again  attained  that  rate  AiTiix   IT 
HAD  BEiaJ  IS  THE  SJIBA-OPTIkAL  TaiPEEATiBE  for  50  minutes.  In  fact, 

the  average  rate  of  locomotion  for,    say,  a  ten  minute  interval,  was  higher 
at  about   the  middle  of  its  persistance  in  the   supra-optimal  tenperature 
than  it  had  been  iu  the  beginning.         Similarly,   Individual  LVl   reached 
its  maxim'um  rate   10  minutes  after  it  had  been  exposed  to  25  degrees,   and 
20  minutes  after  it  had  been  exposed  to  27.5  degrees.  Individual  XjlIII 

(See  Performance  Record  and  ^raph  XXllI)    reached  its  maximum  rate  at 
28  degrees,    several  degrees  above  the  optimum,   therefore,   after  3u  minutes 
exposure  to   this  high  temperature. 

The   third  fact   upon  which  Blackman  bases  his   ir.tflrnretation   of   the 
optimum  Is  thus  quoted  by  Bayliss:   "The   falling  off  at  any  given  temperature 
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is  fastest  at  first  and  aabseqaently  boc  imes  leas  rapid."    He  arg^jes 
from  this  tnat  it  is  'Impossible  to  determine  the  highest  value  at  any 
given  temperature,  since  it  is  obviously  necessary  to  allow  the  reaction 
to  contin-ie  for  a  certain  time."    In  our  present  case,  allowim;  the 
exposure  to  continue  for  a  certain  time  seems  the  only  adei^jate  manner  of 
arriving  at  the  hl(^hest  rate,  —  unless,  of  course,  the  temperature  should 
be  harmful.    This  Is  true,  because,  as  we  have  said  repeatedly,  the 
rhythmic  activity  may  otherwise  obscure  the  eifect  of  exposure  to  the 
new  temperature. 

Prom  all  of  this,  we  may  well  conclude  that  we  are  here  dealing 
with  another  kind  of  "optimum"  than  the  one  described  by  fllacloDan. 
This  particular  matter  was  not  kept  in  mind  in  the  study  of  the  graphs, 
and  it  is  possible  that  some  striking  corroborations  of  Blaclonan's  views 
may  have  escaped  notice.    Still,  it  seems  possible  that  Bayliss' 
analogy  between  the  optimum  of  a  physiological  reaction,  and  the  optimum 
of  the  action  of  colloidal  platinum  on  a  mixture  of  oxygen  and  hydrogen 
gas,  may  not  be  extendible  to  cases  such  as  ours.    The  explanation  of 
this  may  well  lie  in  the  fact  which  we  have  already  emphasized  in  the 
introduction,  that  we  are  here  dealing  not  with  a  primary,  but  with  a 
secondary  physiological  process. 
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(3)  Khythm  - 

Hober  I '14,  pg.  738)  dlscisaee  the  possibility  of  accoantintj  for 
rhythm  in  organisms  by  a  process  of  periodic  catalysis.    He  instances 
the  investigations  of  Bredig  and  iKeinmayr  t'03),  Bredlg  and  tVilke  I'CH) 
and  Bredlg  l'U7)  on  the  periodical  escape  of  oxygen  from  the  contact 
surface  of  mercory  and  slightly  alkaline  hydrogen  peroxide.   The  evolution 
of  oxygen  from  such  a  surface,  it  seerns,  rjay  continue  for  hours,  the 
babbles  of  oxygen  escaping  with  great  regularity.    iiober  tells  us  that 
this  process  "(kannj  vielleicht  als  eln  kodell  fur  einen  enzymat i sche n 
Prozess  in  elnem  heterogenen  System  von  der  eben  erwahnten  fur  die  2.elle 
angenonmen  Art  aufgefasat  werden."    The  process,  it  would  seem,  may  be 
influenced  by  external  factors,  such  as  temperature,  acids,  alkalis,  salts, 
alcohol,  etc.    The  analogy  is,  of  course,  an  extremely  interesting  one, 
but  it  is  easy,  it  would  seem,  to  point  out  great  differences  between  it 
and  such  rhythmic  activity  as  we  have  described  in  the  locomotor  processes 
in  Amoeba.    The  rhythm  in  this  chemical  reaction,  according  to  the 
figures  and  graphs  given  by  Hober,  is  absolutely  regular.    There  is  no 
evidence  of  regulation.    It  shov/s  none  of  those  momentary  differences 
of  character  that  are  so  characteristic  of  the  behavior  of  the  organism 
we  are  studying.    It  cannot  simulate,  such  a  condition,  for  exaiq)le,  as 
an  increased  rhythmic  activity  after  a  period  of  rest.    In  general,  we 
should  say,  that  this  analogy  of  "chemical  behavior",  has  about  the  same 
value  as  many  others  of  such  simulations  of  organic  processes  by  inorganic 
agencies.    They  -ire  ddraittedly  analogies. 

The  subject  of  rhythm  is  still  one  of  the  open  questions  in  biology. 
Its  general  interpretation  as  the  manifestation  of  reversible  chemical 
processes  whdch  take  place  in  the  cell,  probably  leaves  much  to  be  desired, 
though  undoubtedly  it  is  close  to  the  truth. 
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Conolaslons  and  dedActlons  have  beon  stated  at  the  close  of  eeich 
seotlon  of  this  paper         The  oatstandlnjj  featores  of  locomotor  behavior 
of  Amoeba,    In  its  relation  to   ten^eratire,   which  have  been  foand  in  this 
Investifjatlon,  ml-jht  be  summarized  and  ^jroaped  as  follows: 

A.     Locomotor  Behavior  of  Amoeba  at  Constant  Ten^jeratire 

1.  Amoeba,   at  constant  tender  at 'are,   shows  decided  variations  in  the 
rate  of  its  locomotor  activity.         There  is  no  fixed  rate  at  which  an 
animal  must  move  at  a  given  temperatore.         There   seems  to  be,  however, 
a  max  imam  rate  which  cannot  be  exceeded  at   that  particular   tenyerat,  xre. 

2.  This  limitation  of  the  rate  of  movement  by  temperatore   is 
interpretable  as  a  change  in  the  physical  or  chemical  characteristics  of 
the  protoplasm,  which,   at  hi:jher  teiEperatares,   enables  the  protoplasm  to 
"flow"  with  less  friction.         Beyond  a  certain  point  of  temperature, 
however,   a  reverse  change  occurs,  which  ajain  retards  the  rate  of  movement. 

3.  The  variations  in  the  rate  of  movement,  however,   are  ascertainably, 
the  expression  of  the  rhythmic  character  of  the  processes  which  condition 
locomotion. 

4.  This  rhythm  is  manifested  by  a  s'lccession  of  alternately  accelerated 
and  retarded  rates  of  movement.         These  accelerated  and  retarded  phases 
are  coincident  with  eruptive  and  refractory  activity  in  the  organism. 

5.  The  relation  of  rates  during  these  two  phases  of  rhythmic  activity 
is  numerically  expressible   by  a  Latio  of  hates,    the   value   of   v/hich  remains 
comparatively  constant,    sometirjes  for  rather  proxona'^ci   -loe  periods. 
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6.  The  rhythm,   even  at   constant   temperacires,   may  bo  aitertid,    that 
is,    it  may  be  "pitched  at  a  higher  or   lO'A'er   aoaie".  uheu  this  happens, 
the  iatio  of  Rates  may  still  remain  of  the   same  value  which  it  had  before 

the  chaiLje. 

7,  Variations  In  the  value  of  the  Uatio  of  hates  do,  however,  ocoor. 
This  may  be  due  to  the  fact  that  the  measurements  are  taken  by  an  observer, 
at  instances  when  the  same  Individual  or  vai'ious  Individ'uals  are  not 

"in  comparable  phases"  of  a  lon^j-period  rhythm.    Indications  for  the 
existence  of  such  a  long-period  rhythm,  though  by  no  means  conclusive,  are 
not  entirely  wanting, 

£.  Rates  of  Locomotion  at  Different  lec^seratures  . 

8.  The  response  of  Amoeba  to  both  falling  and  rising  teciperaturas  is 
extremely  varied,  both  (lualitatively  and  quantitatively. 

9.  This  ijreat  difference  in  the  character  of  the  response  may,  possibly, 
be  due  to  the  particular  phase  of  rhythmic  activity  at  the  instant  when 

the  tezzperat'ure  change  exerts  its  influence. 

10.  When  average  rates  at  different  temperatures  for  the  same  and  for 
different  individuals  are  coiqpared,  however,  there  is  in  general  an 
increase  of  rate  with  increasing  and  a  decrease  of  rate  with  decreasing 
temperatijxe. 

11.  This  holds  true  within  a  range  of  tenperatures  that  lie,  approximately, 
between  6  and  25  de;5ree8.    l^ear  the  latter  temperature,  an  optimal  rate 

is  reached. 

12.  'JWien  the  temperature   is  raised  above   tnis  op^iraura,    the  rate  of 
locomotion  decreases. 
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13.     When  the  temperat  ire  Is  chnrv^d,    the   short-period  rhythm  Is 
"pitched"  on  a  higher  or  a  lower   ievei. 

U.     The   lontj-period  rhythm,   on   tne  other  hand,   tends  to  bt  otiiitorated, 
if  the  chantje  of  teraperatare   is  ^reat  enoa^jh. 

C.     The  lileasure  of  the  Dependence  of  Locomotion 
apon  Tenperatjxe 

15.  The  value  of  ^,q  for  the  rates  of  locomotion  of  an  individual 
at  different  tenperatares  is  extremely  varied. 

16.  The  value  of  sI^q  for  coiqparatively   slight  chan^jes  of  tenperature 
from  a  low  level,   near   10  degrees,  when  the  Amoeba  is  barely  able  to  move, 
to  one   slightly  higher,    is  enormous.         This  probably  indicates  tho 
existence  of  a  physiological  critical  point. 

17.  The  value  of  ^^q  is  neither  as  constant  as  it   is  for   some 
physiological  processes  nor  is  it  more  variable  that  it  has  been  found 
to  be  for  others. 

18.  The  value   of  ^^q  for  averages  of  five-dejree   temperature  intervals 
in  the  whole  mass  of  data,   ranges  between  5.4  for   the  interval  5-10  degrees 
and  1,9  for  the  interval  25-30  degrees,  giving  a  decreasing  val.ie   for  the 
higher  temperatures. 
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APPEKDIX 


and 


Far  method  of  recording  data  (see  p.   30) 

For  method  of  ^aphic  representation  (see  p.    32) 

Colamn  1  -  Ko.   of  observation 

Colaan  2  -  Time  at  which  observation  was  made 

Col'jjnn  3  -  Time  interval  between  two   successive  observations 

Colinr.  1  -  Corrected  temperature   (see   p.   21) 

Column  5  -  Total  distance  traversed  by  amoeba  * 

Colarm  6  -  Rate  during  time   interval  given  in  Column  3  * 

Column  7  -  Keraarks 


'Apparent  valaos  -  To  reduce   to  real  valaes,   divide   ty  64  -    (see  p.   23) 


fi>^^'^^m:^k£^^^:^a^ 


of 
DTDIVIDUAL  I 


No.  Of  TliDt         Tampsratura         Total         Ratt 

Observation     Tlma       Interval         Degrees         Diitanoe     Urn.  per  Bvn&rlcs 

Uin.  C  Um.  ;:ln. 


1  12il6  0  9 

£  12:23  5  •• 

8  12:28  5  " 
i  12:32  4  •• 
6  12:33  1  •• 
6  12:34  1 

T  12:36  1  •• 

0  12:38  3  •• 

9  12:40  2  •« 


0 

0 

1 

0.2 

3 

0.6 

6.5 

1.3 

4 

4 

3.5 

3.5 

3.5 

3.5 

5 

1.7 

3.5 

1.75 

Temp.  ohaa:iged,   12:40:3( 


10  12:41  0  Variable 


11  12:43  2  24  7                   3.5 

12  12:44  1  ••  •  18  18 

13  12:45  1  ••  9                   9 

14  12:47  2  "  13                  6,5 
16  12:48  1  ••  8                  6 


16  12:50  0  Variable  0  0  Ko  obserratlone 

Temp,  changed,   12:49 


New  record  sheet 


1 

1 

1.6 

0.38 

8.6 

1.7 

£ 

1 

T 

2.3 

S.6 

1.7 

17  12:51  1  10 

18  12:55  4  " 

19  12:57  2  •» 

20  12:59  2  " 

21  1:02  3  " 

22  1:04  2  " 


23  lt06  2  Variable  10  5           Temp,  obaoged,    1:05 

24  1:08  2  24  11  6.5 
26  1:09  1  ••  10  10 

26  1:10  1  •»                           9.5  9,6 

27  1:12  0  Variable       0  0     Teiq).  changed,  1:12 

28  1:16  4  10            4  1 

29  1:20  4  •*           4.6  1.1 

30  1:22  2  «           £  1 

31  1:26  4  Variable       £.6 


0.6   leap,  changed,  1.26 


—  CV\J- 

(2) 


No.   of  Time         T«nip«ratur«         Total         Rate 

Obaerratlon     Time        Interval         Degrees         Distanoe     lia,  per  Eemarlce 

Uln.  0  MB*  UlB. 


32 

1.27 

1 

26 

12 

12 

33 

1:28 

1 

m 

6.5 

6.6 

34 

1(29 

1 

n 

7 

7 

36 

li31 

a 

Variable 

7.5 

3.7 

36 

1:33 

fi 

10 

2.5 

1.25 

37 

1:35 

8 

H 

6 

2.5 

PXTFCXIUAKCE  liECGEi; 
of 


Ko.   of  Time  Tempera tur«         Total         Rate 


Observation       Time 

Interval 

Degreee 

DistEuice 

Mm.  per             Remark* 

Mln. 

C 

Um. 

Uin. 

1 

5162 

0 

16 

0 

0 

• 

£ 

5t5S 

N 

9,5 

9.5 

5 

5t54 

n 

6 

6 

4 

6:55 

« 

6 

5 

6 

5:56 

M 

4*5 

4.5 

6 

5:57 

It 

9,5 

9.5 

Temp,  changed,   5:59 

7 

6:00 

0 

10 

0 

0 

e 

6:04 

4 

N 

1.8 

Intenruptlon 

9 

6:08 

0 

N 

0 

10 

6:09 

If 

4.6 

4.5 

11 

6:10 

m- 

4.6 

4.5 

12 

6:11 

N 

4 

IS 

6:12 

N 

8 

u 

6:13 

It 

4 

15 

6:14 

N 

6 

16 

7:33 

0 

20 

0 

0 

17 

7:34 

1 

w 

13.5 

13.5 

18 

7:35 

1 

N 

13.5 

13.5 

19 

7:38 

s 

N 

18 

6 

20 

7:39 

1 

N 

7 

7 

21 

7:40 

1 

It 

6.5 

6.5 

Interruption  for 

45  minutes 
Temp,  dropped  to 

9°,   6:59 
No  appreciable 

movement  up   to   7«30 
Temp,  ohanged 


■-  .  ■■*,i 


^i:i 


r^^^. 
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Pnn-XBliUICE  UiCCliD 

of 

DCDIYIIfUAL   III 


No.   of 
Obitx-vatlon     Tlm« 


Tim*         Temperatur*         Total 
Interval         I}«greos         Dlstanot 
illn.  C  Km. 


Rat* 
Um.  par 
llln. 


Rtmarks 


1 

S 
8 
4 


6 

6 
7 
8 
9 
10 
11 
U 
13 
U 
16 
16 
17 
16 
19 
20 
21 
22 
U 
24 
26 


26 


11:32 
11:34 
11:36 
11:40 


11:42 
llt43 
11:44 
11:45 
11:47 
11:49 
11:50 
11:52 
11:55 
11:57 
12:00 
12:02 
12:07 
12:09 
12:11 
12:13 
12:15 
12:17 
12:19 
12:21 
12:23 


12:26 


0 
2 
2 

4 


0 
1 
1 
1 
2 
2 
1 
2 
3 
0 
3 
2 
6 
2 
2 
2 
2 
2 
2 
2 
2 


21 

N 
M 
■ 


10 

N 
« 
N 
H 
N 
N 
M 
H 
■ 
« 
N 
N 
M 
M 
N 
N 
N 
« 
M 
M 


0 

0 

19 

9,5 

17 

8.5 

35 

8.6 

0 

0 

9,6 

9.5 

1,8 

1.5 

1,6 

1.6 

2 

1 

0.75 

0.37 

1 

1 

1.6 

0.75 

2 

0.7 

0 

0 

1,6 

0.5 

2 

1 

8,8 

0.7 

4 

2 

4,6 

2.3 

4 

2 

8,6 

1.75 

4,6 

2.3 

6 

3 

6,6 

2.7 

4,6 

2.3 

Temp,  changed,  11:41 


New  record  sheet 


New  record  sheet 


Temp,  changed,  12:24 


Variable 


27 
28 
29 


80 
81 
82 
88 
34 

86 
86 

87 
38 
89 
40 


12:26 
12:28 
12:29 


12:31 
12:32 
12:35 
12:40 
12:41 

12:45 

12:46 
12:47 
12:46 
12:49 
12:50 


1 
2 

1 


0 
1 
3 
5 
1 

4 
1 
1 
1 
1 
1 


26 

M 
N 


u 

M 
M 
M 

m 

m 
m 
w 

H 
N 

m 


11.5 
25 
6 


0 

2 

2,6 
2 
6,6 

2 
8 

1,6 
6,6 

4 
4 


11.5 
12.5 
6 


0 

2 

0.6 

0.4 

6.5 

0.5 
3 

1.5 
6.5 

4 
4 


Temp,  changed,   12:30 


llomentary  drop  of 
temp,   to  6° 


Ill     -      (2) 
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No.   of 
Obaerratlcm     Tljne 


Time         T«mp«rature         Total  Rat* 

Interval         Ifgv»         Dlttano*       Um»  p«r 

Uln.  C  Ua.  Uin. 


R«mark8 


41 

12i51 

0 

11 

0 

0 

42 

12;52 

H 

5 

5 

42 

12:53 

N 

2.6 

2.5 

44 

12:54 

W 

4 

4 

45 

12:55 

N 

4,5 

4.5 

46 

12:56 

N 

6 

6 

47 

12:57 

N 

6.6 

5,5 

48 

12:58 

M 

6,5 

3.5 

49 

12:59 

N 

5.5 

5.5 

50 

1:00 

M 

9 

9 

51 

1:01 

0 

Variatle 

0 

0 

52 

1:02 

1 

26 

3.6 

3.5 

65 

1:04 

2 

« 

6.5 

2.7 

54 

1:06 

2 

« 

19 

9.5 

55 

1:07 

1 

N 

13.5 

13.5 

56 

1:08 

1 

M 

17.5 

17.5 

57 

1:10 

0 

Variable 

0 

0 

58 

1:28 

18 

11 

12 

0.66 

59 

1:34 

6 

H 

7 

1.2 

60 

1:35 

1 

N 

5 

5 

61 

1:36 

1 

M 

4.5 

4.5 

New  record  sheet 


Temp,   changed,    1:00:30 


Hew  record  sheet 


Kew  record  sheet 
Temp,  changed,   1:10 


>  *■'  "■  -.    ,1^  • 


_n  r.  4 


FmiXi.uciQS  liBCcaa 

of 

of 

Time 

INDIVmJAL  V 

Total 

Rate 

Ko. 

Temperature 

Observation     Time 

Interral 

Degrees 

Distance 

Km,  per 

Remarks 

Mln. 

C 

Mm. 

Mln. 

1 

3i01 

0 

20 

0 

0 

2 

3i02 

1 

N 

11 

11 

8 

3:03 

1 

W 

12.5 

12.5 

4 

3j04 

1 

It 

5 

5 

6 

3:05 

1 

H 

3,5 

3.5 

Temp,  changed,   3:06 

6 

3x08 

0 

Variable 

0 

0 

New  record  eheet 

7 

3:10 

2 

10 

2 

1 

6 

3:13 

S 

2 

0.66 

9 

3:17 

4 

2.5 

0.62 

10 

3:18 

0 

0 

0 

Animal  ohaoging 
direction 

11 

3:19 

1 

4 

4 

12 

3:21 

2 

4.5 

2.3 

IS 

3:22 

1 

3.5 

3.5 

14 

3:24 

2 

4 

2 

15 

3:25 

1 

2 

2 

Temp,  changed,   3:2£ 

16 

3:27 

0 

Variable 

0 

0 

Kew  record  sheet 

17 

3:29 

2 

25 

9 

4.5 

16 

3:30 

1 

H 

14 

14 

19 

3:31 

1 

■ 

11 

11 

20  3:36  2  ••  10 


Interiruption  to  3:34 


21  3:57  0  10  0  0  Interruption  to  3:57 

Temp,  changed,   3:55 


22 

3:58 

1 

n 

1.5 

1.5 

23 

3:59 

1 

N 

2 

2 

24 

4:00 

1 

n 

4.5 

4.5 

26 

4:01 

1 

N 

4 

4 

26 

4:03 

2 

« 

3 

1.5 

27 

4:04 

1 

II 

2.5 

2.5 

26 

4:06 

2 

N 

2.5 

1.3 

29 

4:18 

0 

20 

0 

0 

30 

4:19 

1 

M 

9 

9 

31 

4:20 

1 

H 

6 

6 

32 

4:21 

1 

N 

15 

15 

33 

4:22 

1 

■ 

12 

12 

34 

4:25 

3 

M 

6 

2 

Interruption   to  4:18 
Temp,  changed,   4:16 


Temp,  changed,  4:25 


I 


V     -      (2) 


-205- 


No,   of  Tlmt         T«ra[)erRture         Total         Rate 


Obaerratlon     Time 

Interral 

Degrees 

Distance 

lira,   per 

Remarks 

:.'.ln. 

C 

Um. 

Uin. 

36 

4(30 

0 

10 

0 

0 

Interruption 

36 

4:31 

1 

ti 

4.5 

4.5 

37 

4j32 

1 

N 

3 

3 

38 

4:33 

1 

N 

4.5 

4.5 

Rest;  began  to  move, 
4:35 

39 

4:38 

s 

N 

11 

3.7 

Interruption   to  4:41 

40 

4:41 

0 

N 

0 

0 

New  record  sheet 

41 

4:43 

z 

N 

10 

5 

Temp,   ohan^d,  4:43 

42 

4:44 

1 

6 

3 

3 

43 

4:45 

1 

H 

1.5 

1.5 

Animal  detached  from 
slide 

44 

4:48 

0 

N 

0 

0 

Kew  starting  point 

45 

4:49 

1 

M 

2.5 

2.5 

46 

4:50 

1 

W 

2.5 

2.5 

47 

4:52 

2 

M 

2 

1 

46 

4:53 

1 

M 

5 

5 

49 

4:55 

2 

M 

e.e 

4.3 

Temp,  changed,  4:55:30 

60 

4:56 

1 

20 

6 

6 

61 

4:57 

1 

N 

8 

e 

62 

4:58 

1 

N 

7.5 

7.5 

68 

4:59 

1 

H 

11 

11 

64 

5:00 

1 

N 

10 

10 

No  observation,   5:00  - 

66 

5:05 

0 

N 

0 

0 

5»05 

66 

5:07 

2 

M 

6 

4 

FOLD  OUT 


-.•!06- 
Pil^yCEiUASCS  UECCUD 
cf 
PfPIYIDUAL  YI 


Uo.   of  Time  Temperature         Total  Rate 

Obsenration     Time        Interval         Degreea         Dietanoe       Llm.   per 

Min.  C  Un.  Uln. 


Remark B 


1 
2 

3 
4 


5 
6 
7 


6 
9 


10:27 
10:28 
10:30 
10:32 


10:51 
10:52 
10:53 


10:57 
10:58 


0 
1 

« 


0 
1 
1 


0 

1 


20 

It 

H 
ff 


0 

0 

11 

11 

11 

5.5 

30.5 

15.2 

0 

0 

11 

11 

11 

11 

0 

0 

11 

11 

No  obaervatlons,  10:32 

10:51 
Hew  starting  point 


No  observations,  10:53  - 

10  J  57 
New  starting  point 
Temp,  changed,  10:58:30 


10 
11 
12 
13 
14 
15 

16 
17 
16 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 

34 
35 


86 

57 


11:00 
11:05 
11:08 
11:09 
11:10 
11:11 

11:14 
11:15 
11:17 
11:18 


11:24 
11:25 
11:26 
11:27 
11:28 
11:29 
11:30 
11:31 
11:32 
11:33 
11:34 
11:36 

11:36 
11:37 
11:38 
11:39 


11:43 
11:44 


8 

4 
3 
1 

1 
1 

0 
1 
2 
1 


0 
1 
1 
1 

1 
1 
1 
1 

0 

1 
1 

0 

1 
1 
1 
1 


0 

1 


9.5 


1.5   Rest,  one  minute 


•I 


II 

rt 
n 


24 

H 

N 
It 

N' 
N 
W 
W 
H 
N 
■ 
H 

M 
N 
« 


10 
If 


1 

0.5 

4 

1.3 

Z 

2 

4 

4 

S 

8 

Rest;  began  to  move, 
11:14 

0 

0 

New  record  sheet 

s 

s 

4 

2 

7 

7 

Pspd.  active  but  no 

locomotion 
Temp,  changed,   11:22 

0 

0 

10 

10 

4.5 

4.5 

10 

10 

9 

9 

10 

10 

11 

11 

8 

8 

0 

0 

New  record  sheet 

9 

9 

4 

4 

0 

0 

Animal   changing 
direction 

5 

5 

5 

5 

3.5 

3.5 

10 

10 

Temp,  changed,   11:4C 

0 

0 

6 

6 

I 


-r:07- 


VI     -      (2) 


No.   of  Ti-uA         Temporatur*         Total         Rat« 

Observation     Time       Interval         Degrees         Dlatanoe     Um.  per  Remarks 

Uin.  C  Ita*  Uin. 


36  11:45  1 

39  11:46  1  "         8       8     Best;  began  to  move, 

11:47 

40  11:47  0  ••  0  0  New  starting  point 

41  11:50  8 

42  11:62  £ 

43  11:55  8 

44  11:67  Z 

45  11:58  1 

46  11:59  1 

47  12:00  1  _       _ 

Temp,  changed,  12:00:30 

46  12:01  0  24  0  0  New  record  sheet 

49  12:02  1 

50  12:03  1 

51  12:04  1 

52  12:05  X 

53  12:06  1 

54  12:07  1 

55  12:08  1 
66  12:09  1 

57  12:11  0  Variable  0  0  Temp,  changed,    12:11 

58  12:13  2  10 
69 

60 

61  12:34  8  20 

62 
63 
64 

65 
66 


12:13 

2 

12:17 

4 

12:31 

14 

12:34 

8 

12:35 

1 

12:36 

1 

12:37 

1 

12:38 

1 

12:39 

1 

12:41 

0 

12:43 

2 

12:44 

1 

12:46 

2 

12:49 

3 

12:51 

0 

12:53 

2 

12:54 

0 

12:56 

2 

10 

8 

8 

N 

8 

8 

M 

0 

0 

H 

2 

0.6 

N 

2,5 

1.3 

It 

4 

1.3 

n 

4.5 

2.3 

M 

4 

4 

n 

4 

4 

n 

2 

2 

24 

0 

0 

•t 

7 

7 

M 

7.5 

7.5 

H 

18 

15 

H 

12 

12 

W 

20 

20 

H 

U 

11 

n 

7 

7 

It 

10 

10 

Variable 

0 

0 

H 
N 
H 
It 

n 


67  12:41  0  10 

68 


H 


69  12:44  1  " 

70 

71 

72 


N 
N 


73  12:53  2  • 

74  12:54  0  " 

75  12:56  2  » 


4 

2 

4 

1 

3.5 

0.25 

Temp,  changed,   12:31 

5 

1.7 

4.5 

4.5 

10 

10 

6 

6 

12 

12 

14 

U 

Teiop.  changed,   12:40 

0 

0 

New  record  sheet 

8 

4 

2.5 

2.5 

4 

2 

3.5 

1.2 

0 

0 

Animal  changing 
direction 

6 

2.5 

0 

0 

New  record  sheet 

6 

2.5 

Temp,  changed  12:57 


VI     -      (3) 


liUB 


Ko,   of 

Time 

Temperature 

Total 

Rate 

Observation     Time 

Interval 

Degrees 

Distanoe 

Urn,   p«r 

Remarks 

Uin. 

C 

Um. 

Mln. 

76                 12:59 

0 

M 

0 

0 

Interraption  to  12: 

77                   1 

00 

N 

6 

s 

78                   1 

01 

tf 

B 

6 

79                   1 

02 

N 

6 

6 

90                   1 

03 

N 

4 

4 

Interruption,   1:03- 

61                   1 

06 

W 

2.5 

2.5 

-ZLJr 
of 


Ho.    of 
ObMirratlon     Time 


Tlm«         Temperature         Total         Rate 

Intenral         Degrees         Dlstanoe     Um,  per 

Uin.  C  Urn,  Uln. 


RemarlCB 


1 
2 
S 

4 
5 
6 


7 

e 

9 

10 

11 

12 
13 
14 


15 
16 
17 


9j26 
9t26 
9x27 
9:28 
9:30 
9i31 


9:32 
9:34 
9:35 
9:36 
9:37 
9:38 
9:39 
9x40 


9:44 
9:45 
9:46 


0 

1 
1 
1 
2 
0 


1 
2 
1 
1 

1 
1 

1 
1 


0 
1 

1 


18 
If 

N 

n 
ti 


25.5 
n 

It 

n 

M 

H 


24 

M 
W 


0 

0 

4.6 

4.5 

3.5 

3.5 

2 

2 

1 

0.5 

0 

0 

New  record  sheet 
Temp,  changed,  9:31 

3.5 

3.5 

3 

1.5 

6 

6 

5.5 

5.5 

6 

6 

8 

8 

5 

5 

6 

6 

Interruption 
Temp,  falling 

0 

0 

New  record  sheet 

6 

8 

7.5 

7.5 

Temp,   changed,   9:46:30 


16 


9:47 


Variable 


19 
20 
21 
22 

23 
24 
25 
26 
27 


9:48 
9:49 
9:52 
9:55 

9:59 
10:08 
10:16 
10:23 
10x24 


1 
1 
3 
0 

0 
9 
8 
7 
1 


10.5 

H 

N 
N 

N 
N 
N 
N 
N 


2 
2 
S 
0 

0 

11 

6 

8 

2 


2 
2 
1 

0 

0 

1.2 

0.6 

1.1 

2 


Interruption  to  9:59 
New  record  sheet 


Temp,  changed,    10:25 


26 


10:26 


Variable 


29 
30 
31 
32 
33 
34 
35 
36 

37 


10x27 
10:28 
10:29 
10:30 
10:31 
10:32 
10:33 
10:34 

10:36 


24.5 
ti 

N 
N 
N 
N 
N 
N 


8 
8 

8.5 


3 

3 

3.5 

3 

4 

6 

4 

4 


1 


IX     -      (2) 


No.   of 
Observation     Time 


Time         Temperature  Total  Bate 

IcteiTral         Degrees  Distance       Urn,  per 

Mln.         C  I'jn,      Uin. 


Remarks 


38 

10:37 

1 

24.5 

3 

3 

39 

10:38 

1 

n 

3.5 

3.5 

40 

10:41 

0 

14.5 

0 

0 

41 

10:44 

3 

M 

1.5 

0.5 

42 

10:47 

3 

If 

3.5 

1.2 

Temp,  changed,  10:40 


New  recoi*d  sheet 


,'-!ii;^^^l$i^'5iw:i 


•   '\^^^-*^-^y:& 


piitiXJE  ;;Ai;3i:  i.£ja;3 
of 


No.   of 
Otservation     Time 


Time 

Interval 

I'.in, 


Temperature 
Degrees 

C 


Total 
Distance 

I'sr., 


Rate 
Um,   per 

Llln. 


Remark ■ 


1 

10:32 

2 

10:33 

8 

10:34 

4 

10:35 

6 

10:36 

6 

10:37 

7 

10:38 

e 

10:39 

9 

10:40 

10 

10:41 

11 

10:45 

12 

10:49 

13 

10:53 

14 

10:54 

15 

10:55 

16 

10:56 

17 

10:57 

18 

10:58 

19 

10:59 

21 

11:00 

19,5 


0 

1 


1 
1 
1 
1 
1 
0 


N 

w 

M 
N 
N 

n 

M 


10.5 

M 
W 
N 
M 


10 
•I 

H 
M 

n 

N 


0 
7 
8 
7 
4 
6 
6 

e 


0 
7 
3 
7 
4 
5 
6 
8 


Temp,  changed,  10:40:30 


0.75  New  record  sheet 


0       0     Bo  observation 
3*5     3.5 


4 

4 

8 

3 

2 

2 

3.5 

3.5 

8 

3 

0 

0 

Temp,  changed,  10:54:3C 


New  record  sheet 


22 


11:01 


Variable 


4.5 


4.5   Tamp,  changed,  ll:01t3( 


23 
24 
28 
26 


11:02 
11:03 
11:04 
11:05 


1 
1 
1 
1 


23.5 

M 

N 
H 


6 
9 
9 
8 


6 
9 
9 
6 


27 


11:06:15 


1.25 


Variable 


1.6       Tecop.  changed,   11:06:31 


28 

29 
30 
31 


11:09 
11:12 
11:17 
11:20 


2.75 
3 
0 
3 


11.5 

M 
W 

n 


3.5 

1.3 

2 

0.66 

0 

0 

Rest;  began  to  move. 

9 

3 

11:17 

32 


11:22 


Variable 


1.5   Temp,  changed,  11:22 


33 

11:23 

34 

11:24 

35 

11:25 

36 

11,26 

24 


6 

6 

9 

9 

10 

10 

9 

9 

Temp,  changed,  11:26:^ 


X     -      (2) 


No. 

of 

Time 

Temperature 

Total 

Rate 

Observation     Time 

Interval 

Degrreea 

Distance 

llm.  per 

Remarks 

Uln. 

C 

Um. 

LUn. 

87 

11:27 

0 

16 

0 

0 

86 

lli28 

1 

it 

2.6 

2.5 

89 

30 

2 

N 

8,6 

1.8 

40 

31 

1 

M 

2,6 

2.5 

41 

32 

1 

N 

8 

3 

42 

33 

1 

N 

8 

3 

44 

35 

2 

N 

1*6 

0.75 

46 

38 

3 

W 

2 

0.66 

46 

41 

3 

n 

2.5 

0.83 

47 

42 

1 

M 

4 

4 

48 

:43 

1 

N 

2 

2 

49 

:45 

2 

N 

2.5 

1.25 

60 

:46 

2 

M 

8 

1.5 

No.  of 

Obserratlon     Time 


Tim«         Tempera  tur«         Total 
Interval         Degrees         Distance 
Llln.  C  Mm. 


Rate 
itm,  per 
Mln. 


Remarlcs 


1 

11:47 

2 

11:48 

8 

11:49 

4 

11j50 

6 

11:51 

6 

11:52 

7 

11:53 

8 

11:54 

9 

11:55 

10 

11:56 

11 

11:57 

12 

11:58 

13 

12:00 

14 

12:01 

15 

12,02 

16 

12:03 

17 

12:04 

16 

12:05 

19 

12:06 

20 

12:08 

21 

12:09 

22 

12:10 

23 

12:11 

24 

12:12 

26 

12:13 

26 

12:14 

27 

12:16 

26 

12:17 

29 

12:18 

30 

12:19 

31 

12:20 

32 

12:21 

33 

12:22 

34 

12:23 

35 

12:25 

36 

12:27 

37 

12:28 

38 

12:30 

39 

12:31 

40 

12:32 

41 

12:33 

0 

1 
1 
1 
1 

0 

1 
1 


1 
1 
1 
1 

2 

1 
Q 
1 
1 
1 


1 
2 


1 
0 
1 
1 
1 
1 
2 
1 
1 
1 
1 


1 
1 
1 

2 
2 
1 
2 

1 
1 

1 


15.5 


H 
•• 

n 

M 

It 


11 

H 
M 
It 
H 
II 
H 

n 

H 
II 


Variable 


23 
n 

It 

H 

n 
n 
ti 
II 
If 

H 
II 


10 

II 
II 
n 

II 
n 


0 

9 

7.5 
6 
9 
0 
6 
10 


8 

2 
4 
4 
8 

e 

0 
6 
6 
8 


6 
13 


18 

0 
10 

9.5 

9 

8 
14 
U 
12 

7 

6 


9 
2 

2 

3.5 

7 

3.5 

3.5 

6 

7.5 

4 


0 

9 

7.5 
8 
9 

0  New  record  sheet 

6 
10  Temp,  changed,    11:54:15 


8 
2 

4 
4 

1.5 
5 


0 
6 
6 
8 


6 
6.5 


18 
0 

10 

9.5 

9 

8 

7 
11 
12 

7 

6 


9 
2 

2 

1.75 

3.5 

3.5 

1.75 

6 

7.5 

4 


New  record  sheet 


Temp,  changed,  12:05:30 


Temp,  fairly  steady 
New  record  sheet 


Tamp,  changed,  12:20:3( 


n    -    (: 


No.   of 
Otservatlon     Time 


Time         Terai)«ratur«  Total         Hate 

Interval         Degrees  Distanoe     ilra,  per 

Uin.  C  Mm.  Min. 


Remarks 


42 

12:35 

43 

12:36 

44 

12:37 

45 

12:38 

46 

12:39 

47 

12:40 

48 

12;44 

49 

12:48 

50 

12:50 

51 

12:53 

52 

12:55 

53 

12:57 

54 

1:03 

55 

1:04 

2 
1 
1 
0 
1 
1 


4 
4 
2 
0 
2 
2 
6 
0 


10 

N 
N 

N 
N 
tl 


e-t-i 


N 
N 
H 
N 
W 


.0 

6 

7.5 

7.5 

8 

8 

0 

0 

8 

8 

S 

3 

4 
2 
0 
6 

4 
13 


New  record  sheet 


0.75     Temp,   chaiiged,    12:43 

1 

1 

0 

3 

2 


Interruption 


2.1 


New  record  sheet 


56 


1:05 


Variable 


Temp,  changed,  lt05 


57 

1:06 

1 

23 

7 

7 

58 

1:07 

1 

N 

8 

8 

59 

1:08 

1 

M 

11 

11 

60 

1:09 

1 

H 

8 

8 

61 

1:10 

Q 

M 

0 

0 

62 

1:12 

2 

n 

8 

4 

63 

1:13 

1 

H 

5 

.5 

64 

1:14 

1 

n 

6 

6 

65 

1:15 

1 

It 

11 

11 

Hew  record  sheet 


Temp,  unsteady 


illl 
III! 
Ill 


■ 

B 

■ 

^^^^(■j^j 

i 

■ 

of 


Wo.  of 
Oboerratlon     Time 


Tlm«         Temperature 
Interval        Decrreee 
Uln.  C 


Total         Rate 

Distanoe     ],'jn»  per 

Urn.  Uln. 


Remarks 


1 

9:55 

0 

2 

9t56 

S 

9:57 

4 

9:58 

6 

9:59 

6 

10:00 

7 

10:01 

8 

10:02 

9 

10:16 

10 

10:17 

11 

10:18 

IB 

10:19 

18 

10:20 

U 

10:21 

15 

10:22 

16 

10:23 

17 

10:24 

16 

10:26 

19 

10:26 

20 

10:27 

21 

10:28 

22 

10:29 

28 

10:30:05 

1.08 

2ft 

10:31 

0,9 

26 

10:32 

26 

10:33 

27 

10:36 

28 

10:37:05 

1.08 

29 

10:36:10 

1.08 

80 

10:39 

0.63 

81 

10:40:10 

1.16 

82 

10:41 

0.63 

38 

10:42 

84 

10:43 

8fi 

10:44 

86 

10:45 

88 

10:50 

89 

10:51 

40 

10:62 

41 

10:53 

42 

10:56 

43 

10:66 

44 

lli07 

46 

11:11 

46 

11:13 

47 

11:16 

48 

11:21 

19.5 


N 

W 
N 
N 
M 

N 
N 
N 
N 
N 

m 

W 
M 
M 
N 
M 
M 

n 
m 
m 

N 

It 

N 
N 


It 
It 
It 

N 
H 
N 


N 
H 
N 
H 
H 

m 


0 

0 

8 

3 

4 

4 

6 

8 

9 

9 

11 

11 

9 

9 

9 

9 

Animal  \mder  debris 

0 

0 

New  record  sheet 

7 

7 

8 

3 

8 

3 

4 

4 

e 

6 

8 

6 

11 

11 

0 

0 

Hew  reoord  sheet 

8 

6 

7 

7 

9 

9 

4 

4 

9 

8 

8 

7.4 

S 

s.e 

4 

4 

6 

5 

0 

0 

Interruption 
Hew  record  sheet 

4 

8.7 

6 

4.6 

7 

8.4 

7 

6 

7 

8.4 

6 

8 

10 

10 

5. 

5 

5.5 

9 

9 

Rest;  began  to  move, 
10:50 

0 

0 

Hew  record  sheet 

5 

5 

Animal  dragging  debri 

3. 

,5 

3.5 

It                       n                 H 

3. 

,6 

3.5 

H                          «                   N 

0 

0 

Ho  observation  made 

8 

3 

Animal  dragging  debrl 

0 

0 

Animal  under  debris 
until  11:07 

6, 

,5 

1.6 

7, 

.5 

1.5 

Change  of  direction 

1.6 


XII  -   (2) 


No.  of 
Observation  Tlmo 


Time    Tampa ratu re    Total     Rate 

Interval    Degrees    Dlstanoe   Urn.  per 

Uln.  C  llm.  Uln. 


Remarica 


49 


11:23 


19.5 


60 

11:25 

2 

61 

11:27 

2 

62 

lit  29 

2 

6S 

11:30 

1 

64 

11:31 

1 

66 

11:32 

1 

66 

11:32:30 

0 

67 

11:33 

0,5 

68 

11:34 

1 

69 

11:35 

1 

60 

11:36 

1 

61 

11:38 

2 

62 

11:40 

2 

68 

11:42 

2 

64 

11:43 

0 

66 

11:45 

2 

66 

11:47 

2 

67 

11:50 

3 

66 

11:52 

2 

69 

11:53 

1 

70 

11:55 

2 

71 

11:57 

2 

72 

11:59 

2 

75 

12:01 

2 

N 
N 


N 
N 
N 

N 
M 

N 
N 
« 
N 
M 
M 
N 
H 
M 

m 

« 
N 
N 


6 

3 

7 

3.5 

7.5 

3.8 

10 

5 

9 

9 

5 

B 

5 

5 

0 

0 

5 

10 

9.5 

9.5 

6 

6 

4.5 

4.5 

5.5 

2.8 

5 

2.5 

10 

5 

0 

0 

10 

5 

9.5 

4.6 

9 

3 

15 

7.5 

3 

3 

6 

8 

6 

3 

6 

3 

6 

2.5 

New  record  sheet 


New  record  sheet 


DTOIYmJAL  XIII 


Ko.   of  Tlma         Temperature         Total         Hate 

Observation     Time        Interval         Def^rees         Dlstauoe     Um.  per  Rtmarka 

i:ln.  C  Mm.  Uln. 


20  0  0 

"  3.5  3.5 

•»  3  3 

••  4.5  4.5 

»  Z  Z 

•»  4  2 

"  11  5.5 

••  12  2,4 

"  7  3.5 

"  6  3 

«•  9  4.5 

"  6  3 

"  13  6.5 

"  0  0  New  record  sheet 

N  7  4 

"  4  1.3 

•t  4  2 

••  4  0.8 

••  10  5 

"  2  1 

"  12  2 

"  2  1 

"  4.5  0,7 

"  9  1.5 

0  0  New  reoord  sheet 


1 

2:12 

0 

2 

2:13 

1 

8 

2:14 

1 

4 

2:15 

1 

6 

2:16 

1 

6 

2:18 

2 

7 

2:20 

2 

6 

2:25 

5 

9 

2:27 

2 

10 

2:29 

2 

11 

2:31 

2 

12 

2:33 

2 

15 

2:35 

2 

14 

2:36:15 

0 

15 

2:38 

1.75 

16 

2:41 

3 

17 

2:43 

2 

18 

2:46 

5 

19 

2:50 

2 

20 

2:52 

2 

21 

2:58 

6 

22 

3i00 

2 

25 

3:06 

6 

24 

3:12 

6 

25 

3:15 

0 

26 

3:16 

1 

27 

3:18 

2 

28 

3:20 

2 

29 

3:23 

3 

SO 

3:25 

2 

31 

3:30 

5 

32 

3:35 

5 

S3 

3:46 

0 

34 

4:00 

0 

35 

4:10 

0 

36 

4:13 

0 

37 

4:16 

0 

38 

4:21 

0 

39 

4:29 

0 

40 

4:33 

0 

41 

4:36 

3 

N 


Temp,  changed,   3:14:3< 


26  8  5 

"  8  1.5 

••  6  3 

••  15  4.5 

••  4  2 

"  3.5  0.7 

*  2  0.4       No  locomotion  for 

••  •  .  almost  one  hour, 

"  -  -  3:35  -  4:33 

"  -  -  Temp,  changed,  4:13 


Variable 

N 


15  .  - 

"  0  0  New  record  eheet 

"  6  2 


XIII   -   (2) 


No.  of 
Observation  Time 


Time    Temperature     Total     Rate 

Interral    Degrees     Distance  IVm,   per 

Mln.        C  Mm.      Mln. 


Remarks 


42 


4:39 


16 


Variations  in  temp., 
4:36  -  4:52,  as 
indicated. 


49 

4:41 

2 

14 

6 

2,6 

44 

4:43 

2 

N 

4 

2 

46 

4:46 

0 

M 

0 

0 

Brief  rest 

46 

4:46 

2 

It 

6 

3 

46a 

4:48: 

30 

0 

n 

0 

0 

ITew  record 

47 


4:50 


1.5 


16 


4.5 


46 


4:52 


16 


2.6 


49 


4:54 


14 


6 


2.6 


50 

4:56 

2 

15 

4 

2 

51 

4:56 

2 

M 

6 

2.5 

62 

5:00 

2 

N 

6 

3 

53 

5:02 

2 

n 

8 

1.5 

54 

5:04 

2 

M 

6 

8 

55 

5:05 

0 

N 

0 

0 

56 

5:06 

1 

24 

3 

3 

57 

5:07 

1 

•f 

6.5 

6.5 

56 

5:08 

1 

N 

2.5 

2.5 

59 

5:10 

2 

H 

8 

1.5 

New  record  sheet 


AIA 

1 

f 

II 

■ 

i 
! 

1 

1 

\ 

tv.--       ~'••■!■v.■t^I-i■r/*^:l•'>r^•'.w/eri  ' 


-2ia- 


PHiyChiijlLMGE  LECdfiL 

of 

i^7)IY^puAi  jVY 

No.    Of 

Tlma 

Terapeiretur© 

Total 

Rata 

Observation     Tlma 

Interval 

Dogreea         Dlstanca 

Mm.  par 

Ramarka 

Uln. 

C 

Urn. 

Mln. 

1 

10:30 

0 

20 

0 

0 

2 

10;  32 

2 

H 

4.5 

2.25 

8 

10:34 

2 

It 

8.5 

1.75 

4 

10,36 

2 

N 

2 

1 

5 

10:38 

2 

M 

4.6 

2.26 

6 

10t40 

2 

N 

2.5 

1.26 

7 

10:42 

2 

N 

3.5 

1.75 

8 

10:45 

8 

• 

5 

1.7 

9 

10:46 

0 

N 

0 

0 

New  record  sheet 

10 

10:46 

2 

N 

1.5 

0.75 

11 

10:50 

2 

N 

4.6 

2.25 

U 

10:53 

8 

N 

1.6 

0,5 

18 

10:56 

2 

N 

1 

0,5 

U 

11:00 

5 

M 

2.5 

0,5 

Tamp,  changed,   11:00 

15 

11:03 

0 

10 

0 

0 

New  record  sheet 

1ft 

11:10 

7 

n 

8 

0.4 

17 

11:15 

5 

18 

4,5 

0.9 

Temp,  changed,   11:15 

If 

11:26 

0 

10 

0 

0 

No  movement 

Temp,  changed,   11:29:3 

19 

11:30 

4 

19.5 

8 

0.7 

20 

11:32 

2 

N 

2 

1 

21 

11:34 

2 

N 

4 

2 

FOLD  OUT 


of 


No.  Of 

Obserration  Tim* 


TliM    Tempera  tur«    Total     Rate 

Interral    Degrees    Distance   Urn*  per 

llln.        C        Urn.     Uln. 


Reoarks 


1 
2 
8 


4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

IS 

16 

17 

16 

19 


20 

21 
22 

23 
24 
26 
26 
27 
26 
29 
30 
31 
32 
33 
34 


36 
36 
37 
38 
39 
40 

42 
43 


1:67 

0 

lt59 

2 

2i01 

2 

2:03 

2 

2:06 

2 

2:06 

0 

2:08 

2 

2:10 

2 

2:12 

2 

2:14 

2 

2:16 

2 

2:18 

2 

2:20 

2 

2:21 

0 

2:23 

2 

2:26 

3 

2:30 

4 

2:32 

2 

2:33 

0 

2:36 

2 

2:37 

0 

2x39 

2 

2:41 

2 

2:44 

S 

2:46 

2:46 

2:50 

2:53 

2:56 

2:58 

3:01:30 

3.5 

3:04 

2.5 

3:06 

0 

3:08 

2 

3:11 

9 

3:13 

Z 

3:15 

z 

3:17 

2 

3:19 

2 

3:21 

2 

3:23 

2 

3:24 

0 

18 

M 


18.5 

H 

N 
N 
N 
W 
« 
N 
It 
N 
M 
■ 
H 
N 
N 

n 


10.5 
It 

N 

H 

n 
n 

N 

N 

n 

N 
N 
N 

N 


11 


n 


n 
n 


0 

0 

6 

2.6 

6.5 

3.25 

Terari.  changed,   2:02:30 

6.5 

3.25 

4 

2 

0 

0 

new  record  eheet 

2 

1 

4 

2 

4 

8 

6.5 

3.25 

2 

1 

3.6 

1.75 

10 

5 

0 

0 

New  record  sheet 

7.5 

3.75 

14 

4.66 

22.5 

6.62 

7,5 

3.75 

0 

0 

Interruption 

8 

1.5 

9mp«  changed,   2:34:30 

0 

0 

I«w  record  sheet 

4 

2 

6.5 

3.25 

6.5 

2.83 

6 

4 

8 

4 

4 

2 

9 

3 

9.5 

3.17 

5 

2.6 

16.5 

4.71 

8.5 

3.4 

0 

0 

New  record  sheet 

7 

3.6 

10 

3.3 

Temp,  changed,   3:10:30 

9 

4.6 

t 

3.5 

7 

3.5 

7 

3.5 

6.6 

4.25 

Interruption 

9 

4.5 

0 

0 

New  record  sheet 

X7     -      (2) 


-221- 


No.  of 

Tim* 

T«mr«ratur« 

Total 

Bate 

Obsanration 

Time 

Interral 

Degree • 

Distance 

Mm.  per 

Uln. 

C 

llm. 

Uln. 

Bem&rlca 


44 

3i27 

8 

4S 

3:30 

8 

46 

3tS3 

9 

47 

3  J  35 

0 

48 

3i38 

8 

49 

3:40 

2 

50 

3:43 

8 

51 

3:45 

2 

52 

3:48 

8 

53 

3:50 

2 

54 

3:53 

8 

56 

3:56 

2 

56 

3:56 

• 

57 

5:59 

58 

4:02 

9 

59 

4:05 

60 

4:11 

6 

61 

4:14 

8 

62 

4:18 

4 

63 

4:22 

4 

64 

4:25 

8 

65 

4:30 

6 

66 

4:34 

4 

67 

4:39 

5 

66 

4:43 

4 

69 

4:46 

6 

70 

4:53 

6 

71 

4:57 

4 

72 

5:02 

6 

73 

5:05 

8 

74 

5:08 

3 

75 

5:08:30 

76b 

5:12:30 

9 

760 

5:16 

76 

6:18 

11. 

N 


N 

n 


H 

n 


10 

N 

M 
•t 
It 


10.5 
n 


10 


It 
n 

M 

N 
N 


26 

N 

n 

N 


3.5 

1.2 

10 

3.3 

18 

6 

0 

0 

5 

1.7 

13 

6.5 

11.5 

3.8 

5.5 

2.75 

10.5 

3.5 

3 

1.5 

6 

2 

6 

3 

0 

0 

8 


Kew  x*eoord  sheet 


S«w  record  sheet 
Tainp.  changed,   3:56 


0.9 


5  0.8 
5  1.7 
5.5     1.4   Temp,  changed,  4:17:30 


7 

1.8 

4 

1.3 

2 

0.4 

4.5 

1.1 

6 

1.2 

3 

0.75 

4 

0.8 

4.5 

0.9 

4 

1 

4.6 

0.9 

1 

0,3 

8 

1 

4.6 

0.5 

Tamp,  changed,  4:29:30 


Temp,  changed,  5:07:30 


FOLD  OUT 


-222- 

of 


No.    of 
Otaervatlon     Tim* 


Time         Tampsratur*         Total         Rat* 

Interval         Degrees         Distance     Itm.  per 

Uln.  C  Urn.  Uln. 


Remarks 


11:26:30 

0 

20 

0 

0 

11:27:30 

M 

a 

2 

11:28:30 

W 

8 

8 

11:29:30 

m 

u 

11 

11:30:30 

N 

u 

14 

11:31:30 

M 

7 

7 

11:35 

3,6 

If 

17 

5 

11:37 

H 

5.5 

2.76 

11:38 

II 

4 

4 

10 

11:40 

W 

0 

0 

New  record  sheet 

11 

11:41 

« 

4.6 

4.5 

18 

11:42 

N 

2.5 

2.5 

19 

11:44 

2 

N 

2.5 

1.26 

U 

11:47 

S 

W 

1.5 

0.5 

15 

11:51 

4 

N 

2 

0.5 

U 

11:56 

5 

M 

9 

0.6 

17 

11:56 

2 

W 

2 

1 

18 

12:00 

2 

it 

8 

1.5 

19 

12:03 

3 

11 

8 

1 

SO 

12:04 

0 

N 

0 

0 

Sew  record  sheet 

21 

12:05 

3 

W 

4 

1.33 

22 

12:07 

M 

23 

12:09 

2 

M 

4 

2 

24 

12:11 

2 

n 

8 

1.5 

25 

12:14:30 

0, 

n 

0 

0 

Hew  record  sheet 

26 

12:15:30 

1 

M 

2 

2 

Rest;  began  to  move, 

12:16:30 
Temp,  changed,   12:17 

27 

12:17:30 

1 

26 

4.5 

4.5 

26 

12:18:30 

1 

M 

6 

6 

29 

12:19:30 

1 

W 

« 

6 

30 

12:20:30 

1 

It 

4 

4 

31 

12:21:30 

1 

it 

4 

4 

32 

12:22:30 

1 

N 

2.5 

2.5 

33 

12:24:30 

2 

N 

4 

2 

34 

12:25:30 

1 

it 

4 

4 

35 

12:26:30 

1 

H 

6 

6 

36 

12:27:30 

1 

27 

6 

6 

Temp,  changed,    12:27 

37 

12:28:30 

1 

N 

5.5 

5.5 

38 

12:29:30 

1 

I* 

6 

6 

39 

12:30:30 

1 

26 

6 

6 

Temp,  changed,    12:30 

40 

12:31:30 

1 

n 

9 

9 

41 

12:32 

0, 

N 

0 

0 

Kew  record   sheet 

42 


12:35 


24 


17 


5.7 


Temp.  Changed.   12:34, 


3C 


,v 


X7I      -      (2) 
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No,   of  Time  T«mp«rat\ire  Total  Rftt« 

Obserratlon     Time        Interval         De^ees         Dlitance       Urn.  per 

Uln.  C  l!m.  Uln. 


Remjurka 


43 

12:36 

84 

7 

7 

44 

12t37 

tt 

6.6 

8.5 

45 

12:38 

N 

5.5 

5.5 

46 

12:39 

N 

4 

4 

47 

12:40 

£6 

0 

0 

Change  of  dlreotlon 

48 

12:41 

N 

4.5 

4.5 

49 

12:42 

N 

4.5 

4.5 

50 

12:42:30 

£6 

0 

0 

New  record  sheet 

51 

12:43:30 

N 

6 

5 

52 

12:44:30 

N 

7 

7 

53 

12:45:30 

26 

12 

12 

Temp,  ohaoged,   12:45 

54 

12:46:30 

M 

12 

12 

55 

12:47:30 

N 

3 

3 

56 

12:48:30 

N 

9 

9 

57 

12:49:30 

n 

6 

6 

58 

12:51 

1.5 

30 

8 

5.3 

> 

59 

12:52 

n 

8 

8 

60 

12:53 

ri 

8 

8 

61 

12:54 

•1 

5 

5 

62 

12:55 

rt 

0 

0 

New  record  sheet 

63 

12:56:10 

1.16 

•1 

9 

7.7 

64 

12:57 

.8 

II 

6.5 

7.8 

65 

12:58 

•1 

3.5 

3.5 

66 

12:59 

n 

16 

16 

67 

1:00:05 

1.08 

t« 

13 

12 

68 

1:01 

.92 

H 

6 

6.6 

69 

1:02:20 

H 

0 

0 

Hew  record  sheet 

70 

1:03:20 

M 

4 

4 

71 

1:04:20 

N 

4 

4 

72 

1:06:20 

2 

N 

4 

2 

73 

1:07 

0 

26 

0 

0 

Hew  record  sheet 

74 

1:08 

1 

M 

6.5 

6.5 

75 

1:09 

1 

N 

4 

4 

76 

1:10 

1 

N 

4.6 

4.5 

77 

1:12 

2 

H 

10 

5 

78 

1:13 

1 

« 

8.5 

8.5 

79 

1:15 

2 

N 

19 

9.5 

80 

1:16:10 

1,16 

M 

11 

9.5 

81 

1:20:30 

0 

n 

0 

0 

Kew  record  sheet 

82 

1:21 

.5 

■ 

8.6 

7 

83 

1:22 

1 

M 

S 

2 

84 

1:23 

1 

H 

9 

3 

X7I     -      (3) 
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No.  of  Tina         Temperature         Total  Rate 

Observation     Time        Inteirval         Degrees         Distance       Urn*  per 

Uin.  0  Um.  Uin. 


Bemarks 


88 

1:24 

1 

88 

3.5 

3.5 

86 

1:26 

8 

N 

6 

3 

87 

1:29 

8 

N 

7 

2.3 

88 


1:32 


Uirl 


Kew  record  sheet 

Temp,  changed,   11:31:30 


89 

1:37 

5 

N 

10 

2 

90 

1:45 

"^ 

W 

90a 

1:46 

N 

91 

2:02:30 

'M 

91a 
92 

2:16 
2:20 

> 

52.5 

It 
It 

6 

0 

93 

2:22 

N 

94 

2:26 

« 

95 

2:28 

N 

96 

2:30 

M 

0 

0 

New  record  sheet 

97 

2:32 

2 

8 

6 

8 

98 

2:34 

2 

H 

5 

2.5 

99 

2:37 

3 

M 

6 

2 

100 

2:39 

2 

N 

7.5 

3.75 

101 

2:41 

2 

It 

3 

1.5 

102 

2:42 

0 

It 

0 

0 

New  record  sheet 

103 

2:45 

8 

N 

3.5 

1.2 

104 

2:46 

8 

it 

3.5 

1.2 

105 

2:51 

S 

N 

3 

1 

106 

2:57 

6 

M 

9 

1.6 

107 

3:00 

3 

N 

5 

1.6 

108 

3:03 

3 

n 

4 

1.3 

109 

3:06 

3 

M 

3 

1 

110 
111 

3:10\ 
3:15J 

9 

It 

11 

1.2 

113 

3:20 

5 

H 

4 

0.8 

114 

3:25 

0 

n 

0 

0 

New  record  sheet 

115 

3:30 

6 

16 

8.5 

1.7 

Temp,  changed,    3:29:30 

116 

3:35 

5 

II 

25 

5 

lis* 

3:35: 

30 

0 

If 

0 

0 

New  record  sheet 

117 


3:36 


0.5 


17 


2.5 


Temp,  rising  slowly 


118 


3:38 


16 


XVI      -      (4) 
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No.   of  Time         Temperature         Total         Rate 

Observation     Time        Icterral         Degrees         Di stance     Km.  per 

Mln.  C  Uffl.  Uin. 


IlB  marks 


119 


3:40 


19 


120 

3:42 

2 

20 

5 

2.5 

121 

3:43 

N 

6.5 

6.5 

123 

3:44 

N 

7 

7 

124 

3:45 

N 

0 

0 

125 

3:46 

N 

e 

6 

126 

3:47 

N 

6 

6 

127 

3:46 

N 

7 

7 

128 

3:49 

« 

6 

B 

129 

3:49:45 

» 

0 

0 

130 

3:51 

1.25 

II 

4 

3.2 

131 

3:52 

M 

4 

4 

132 

3:54 

w 

S 

2.5 

133 

3:56 

M 

10 

5 

134 

3:56 

« 

6 

8 

135 

4:00 

N 

6 

8 

Hew  record  sheet 


Few  record  sheet 


FOLD  OUT 
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PII.PaillA5'CE  hECCtO 

of 

Da5IVIDUAL  XVII 

No.   of 

Time 

T«inp«ratur« 

Tot»l 

Rate 

Ob8«nratlon 

TliM        Interval 

Degrees 

Distauoe 

iim.  per 

Hemarka 

Uln. 

C 

Uffl. 

Uin. 

1 

12.16 

0 

23 

0 

0 

« 

12  J 17 

1 

n 

6 

6 

Temp,  ohaoged.   12 tl 

9 

12x18 

20 

11 

11 

4 

12:19 

N 

6 

6 

6 

12 1 20 

N 

7 

7 

e 

12x21 

m 

6 

6 

7 

12(22 

m 

8 

8 

6 

12j23 

m 

6 

6 

9 

12:24 

m 

0 

0 

New  reoord  sheet 

10 

12:26 

N 

2 

2 

12 

12:26 

N 

6 

6 

18 

12:27 

m 

6 

8 

U 

12:28 

M 

7 

7 

16 

12:29 

« 

7 

7 

U 

12:30:30 

1.5 

N 

18 

8 

17 

12:31 

•5 

M 

3 

6 

18 

12:32 

N 

3.5 

3.5 

19 

12:33 

M 

10 

10 

20 

12:34 

M 

9 

9 

21 

12:35 

w 

8 

8 

22 

12:36 

w 

6 

6 

28 

12:37 

N 

10 

10 

U 

12:38:05 

1.08 

n 

9 

8.3 

26 

12:39:05 

H 

7 

7 

26 

12:40:15 

1.16 

It 

e 

7 

27 

12:41:15 

H 

2.5 

2.5 

28 

12:43 

0 

N 

0 

0 

Rest;  began  to  move 
12:44 

29 

12:45 

2 

N 

8 

1.6 

80 

12:47 

2 

M 

12 

6 

81 

12:48 

1 

■ 

6 

8 

82 

12:49 

1 

m 

4 

4 

88 

12:50 

1 

m 

7 

7 

84 

12:51 

1 

N 

7 

7 

86 

12:52 

1 

M 

10 

10 

86 

12:53 

1 

N 

8 

6 

87 

12:54 

1 

« 

8 

8 

88 

12:55 

0 

N 

0 

0 

New  reoord  sheet 

89 

12|56 

1 

M 

7.5 

7.5 

40 

12:58 

0 

16 

0 

0 

New  starting  point 

41 

12:59 

1 

N 

2.5 

2.5 

42 

1:00 

1 

N 

4 

4 

43 

1:02 

0 

It 

0 

0 

»ew  reoord  sheet 

44 

1:03:15 

M 

46 

1:04 

2 

N 

7 

3.5 

46 

1:05 

0 

H 

0 

0 

New  reoord  sheet 

X7II      -      (2) 
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67 


No. 

of 

Time 

Obierratlon 

Time        : 

[nterva 

llin. 

47 

1:07 

2 

46 

1:09 

2 

49 

1:11 

2 

60 

1:13:30 

0 

61 

1:15 

1.5 

62 

1:17 

2 

68 

1:19 

2 

54 

1:21 

2 

55 

1:23 

2 

66 

1(25 

2 

Tarap«ratur«         Total         Bate 
Degrees         Distance     Vm,  per 
C  Urn.  uln. 


Ramarlce 


1:29 


16 

M 
N 
M 
N 
N 
N 
» 
N 
H 


4.6 

1.5 

2 

0 

6.6 

3.66 

7,6 

3.75 

2.6 

1.25 

6.6 

2,75 

3.6 

1.75 

2 

1 

New  record  sheet 


Anljnal  divided,  1:26 
Best;  began  to  moYet 

li26 
Rest;  began  to  movet 

1:46 


66 

1:46 

0 

H 

0 

0 

69 

1:48 

2 

N 

3.5 

1.75 

60 

1:50 

2 

H 

2 

1 

61 

1:52 

0 

M 

0 

0 

Rest;  began  to  move 
very  slowly,    1:52 

62 

1:54 

N 

68 
64 

1:56 
1:58 

8 

N 
M 

12 

1,6 

66 

2:00 

M 

Rest;  began  to  move, 
2:05 

66 
67 

2:05 
2:08 

8 

n 

« 

4.5 

0.56 

68 

2:10 

ft 

69 

2:12 

7 

N 

7 

1 

70 

2:15 

N 

71 
7S 

2:17 
2:20 

5 

H 
H 

6 

1,2 

75 
74 

2:22 
2:26 

6 

m 

H 

8 

1.3 

76 

2:27 

0 

M 

0 

0 

Kew  record  ahaet 

76 

2:30 

3 

■ 

2 

0.7 

77 

2:34 

4 

M 

2 

0,5 

78 

2:37 

3 

tt 

8 

1 

79 

2:40 

« 

80 

2:41 

5 

M 

6.5 

1.7 

81 

2:42 

N 

82 

2:43 

0 

M 

0 

0 

No  observation  made 

88 

2:45 

2 

N 

3,5 

1.7 

86 
86 

2:47 
2:50 

6 

M 
N 

12 

2.4 

86 

2:51 

0 

N 

0 

0 

New  record  sheet 
Bs*t;  began  to  move, 
3:04 

87 

3t04 

0 

16.6 

0 

0 

Temp,  changed,   3:04 
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XVII 


(31 


No.   of 
Obtcrratlon     Tioie 


Tima         Tempera tur*  Total         Rate 

Interval         Degreea  Lletanoe     Un.  per 

Uln.  0  Urn,  Uln. 


Benoarke 


66 
69 
90 
91 
92 
93 
94 
95 


96 
97 

98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
106 
109 
110 
111 
112 
113 
114 


3:07 

8 

3:10 

5 

3tl6 

0 

3tl8 

z 

3:20 

£ 

3:21 

1 

3:23 

4 

3:26 

3:27 

3:29 

3:31 

e 

3:33 

3:35 

3:38 

9 

3:42 

3:44:30 

0 

3:46 

3:48 

7, 

3:50 

3:52 

3:55 

0 

3:57 

2 

3:59 

2 

4:01 

2 

4:03 

0 

4:05 

2 

4:07 

2 

15.5 


N 
W 

w 

N 

n 

H 


20.5 

M 

It 
N 
N 
It 
■ 
H 
M 
It 
M 

n 

N 
N 
N 

M 
N 
H 
N 


5.5 

1.8 

3 

1 

0 

0 

2 

1 

2 

1 

2.5 

2.5 

New  starting  point 


12 

5 
0 

10 


3.5 

3 

4 

0 

2 

2 


1.2 


1.5 


Tanip.  changed,  3:27 


0.45 

0  Hev  record  sheet 

1.3 


0  New  record  sheet 

1.7 

1.5 

2 

0  Nev  record  sheet 

1 

1 


Individual  X7II  a 


65 

2:00 

0 

16  • 

0 

0 

66 

2:05 

6 

N 

3.5 

0.7 

67 

2:06 

8 

H 

4 

1.3 

68 

2:10 

2 

n 

2 

1 

69 

2:12:15 

2.25 

If 

7 

3 

70 

2:16 

2,75 

If 

3 

1 

71 

2:17 

2 

N 

9 

4.5 

72 

2:20 

8 

M 

8 

2.6 

FOLD  OUT 


of 
lyP^YIDUAL  XVIII 


No.   of 
Obserratlon     Time 


Tims         Temptrature         Total         Batt 

Intarral         Dagreas         DiBtanoe     Mm,  par 

Uin.  C  Mm.  Uln. 


Bamarlcs 


1 
« 
8 
4 
6 
6 
7 

e 

9 

10 

11 

12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
80 
81 
82 
88 
84 
85 
86 


87 
88 

89 
40 
41 

42 
43 
44 

46 
46 
47 


10:34"^ 

10:36 

10:36 

10:38 

10x39  V 

10:40 

10:42 

10:44 

10:47 

10:48' 

10:50 

10:53 

10:55 

10:58 

11:00 

11:02 

11:05 

11:07:30 

11:11 

11:12 

11:15 

11:18 

11:23 

11:25 

11:28 

11:30 

11:32 

11:34 

11:36 

11:40 

11:42 

11:55 

11:57 

12:00 

12:02 

12:03 


12t05 
12:08 
12:09 
12:11 
12:13 
12:15 
12:17 
12:19 
12:21 
12:24 
12:26:15 


13 


0 

2 

3 

2 

3 

2 

2 

3 

0 

3.5 

1 

0 

3 

5 

2 

3 

2 

0 

2 

4 

2 

2 

0 

2 

3 

2 

1 


2 
3 
1 
0 
2 
2 
2 
2 
2 
3 
2.25 


20 

N 
M 

m 

N 

m 

N 

N 
W 
II 
N 
It 
W 
N 
N 
N 
« 
N 
H 
W 

n 

H 

« 
M 
W 


n 
■ 

N 

« 

M 
« 
It 
M 


16 


Vary  slow  moTonant 


12 


0 

0 

3 

1.5 

6 

2 

8 

4 

17 

5.7 

7 

3.5 

4 

2 

7 

2.3 

0 

0 

9 

2.6 

5 

5 

0 

0 

3 

1 

18 

3.6 

4 

2 

4.5 

1.5 

9 

4.5 

0 

0 

4.5 

2.25 

20 

6 

7 

3.5 

9.5 

4.7 

0 

0 

4 

2 

2 

0.7 

10 

5 

6 

6 

14 

7 

13 

4.3 

6 

6 

0 

0 

6 

2.5 

5 

2.5 

13 

6.5 

4.6 

2.25 

9 

4.5 

11.5 

3.8 

6 

2.2 

New  record  aheet 


Kaw  record  aliaat 


Kew  record  ahaet 


Nav  record  sheet 


Observations  lnt«rrt^t< 


Tamp,  chased,   12:04 


Kew  record  aheet 


XVIII      -      (Z) 
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No.   of 

Time 

Temperature 

Total 

Rate 

Observation 

Tim* 

Interval 

Degrees 

Distanoa 

urn.  per 

Remarks 

Mln. 

C 

'Jim, 

Mln. 

46 

12:28 

1.75 

16 

9 

5.1 

49 

12:29 

0 

N 

0 

0 

Kew  ireoord  sheet 

50 

12:30 

0 

N 

- 

- 

51 

12:32 

2 

W 

6 

3 

52 

12:34 

2 

N 

4 

2 

53 

12:36 

2 

N 

10 

5 

54 

12:38 

2 

N 

5 

2.5 

55 

12:40 

2 

It 

5 

2.5 

56 

12:42 

2 

n 

4 

2 

57 

12:44 

2 

N 

5 

2.5 

58 

12:45 

0 

n 

0 

0 

New  record  sheet 

59 

12:47 

2 

N 

8 

4 

60 

12:49 

2 

N 

8 

4 

61 

12:51 

2 

N 

5 

2.5 

62 

12:53 

2 

H 

4 

2 

63 

12:55 

2 

N 

6 

3 

64 

12:57 

2 

N 

3 

1.5 

65 

1:02 

0 

N 

0 

0 

New  record  sheet 

66 

1:05 

3 

M 

3.5 

1.1 

67 

1:07 

2 

N 

5.5 

2.75 

68 

1:10 

3 

n 

7 

2.3 

69 

1:15 

5 

H 

6 

1.2 

70 

1:17 

2 

n 

10.5 

5.2 

71 

1:19 

2 

w 

4 

2 

72 

1:21 

2 

M 

5 

2.5 

73 

1:24 

0 

It 

0 

0 

New  record  sheet 

74 

1:26 

2 

It 

12 

6 

75 

1:28 

2 

N 

7 

3.5 

76 

1:30 

2 

M 

9.5 

4.7 

77 

1:32 

2 

It 

7 

3.5 

78 

1:34 

2 

M 

5 

2.5 

79 

1:36 

2 

tl 

4 

2 

Rest;  hegan  to  move, 
1:45 

60 

1:46 

0 

M 

0 

0 

Hew  record  3heet 

81 

1:48 

2 

N 

8 

4 

62 

1:50 

2 

U 

6 

3 

63 

1:53 

3 

n 

10 

3.3 

84 

1:56 

3 

H 

9 

3 

85 

1:57 

0 

If 

0 

0 

rew  record  sheet 

66 

2:00 

3 

M 

7 

2.3 

67 

2:02 

2 

H 

8 

4 

68 

2t04 

2 

M 

10 

5 

89 

2:06 

2 

N 

12 

6 

90 

2:08 

2 

M 

4 

2 

91 

2:10 

2 

It 

4 

2 

92 

2:12 

2 

■ 

5 

2.5 

93 

2:14 

2 

N 

6 

3 

94 

2:17 

3 

It 

9 

3 

95 

2:22 

5 

M 

18 

3.6 

Temp,  changed,    2:23 
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XVIII      -      (3) 


No. 

of 

Time 

Temperatvire 

Total 

Rate 

Obsex^atlon 

Time 

Intenral 

Decrees 

Distance 

him.  per 

aemarks 

llln. 

C 

Urn, 

Uln. 

96 

2i23:30 

0 

20 

0 

0 

New  record  sheet 

97 

2:24s30 

1 

n 

4 

4 

98 

2:26 

1.5 

N 

7 

4.7 

99 

2:28 

2 

W 

17 

8.5 

100 

2:30 

2 

If 

13 

6.5 

101 

2:32 

2 

N 

7 

3.5 

102 

2:34 

2 

it 

8 

4 

103 

2:36 

2 

N 

8 

4 

104 

2x38:30 

2.5 

N 

4 

1.6 

105 

2i41 

2.5 

N 

3 

1.2 

106 

2:43 

2 

n 

7 

3.5 

107 

2:44 

0 

M 

0 

0 

New  record  sheet 

108 

2:46 

2 

M 

U 

7 

109 

2:53 

7 

It 

8 

1.1 

1 
i 


of 


No.  of 
Observation  Tims 


Time 

Interval 

Uin. 


Temperature 
Degrees 


Total 
Distanoe 
Mm. 


Rate 

Llm.  per 
Uin. 


Remarks 


1 

8 

S 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


21 
22 
23 
24 
25 
26 
27 
26 
29 


9i05 

0 

9:07 

2 

9:10 

3 

9:12 

0 

9tl4 

2 

9il6 

2 

9:17:30 

0. 

9:19 

1.6 

9:21 

2 

9:23 

2 

9:24 

1 

9:25 

1 

9:26 

1 

9:26 

2 

9:29 

1 

9:29:30 

0 

9:31 

1.5 

9:33 

2 

9:35 

2 

9:37 

0 

9:41 

2 

9:43 

2 

9:45 

2 

9:47 

2 

9:49 

2 

9:51 

2 

9:53 

2 

9:55 

2 

9:57 

2 

20 


If 
II 

H 

N 
N 
H 
It 

• 
N 
N 
N 

M 
H 
N 
H 
II 
M 
N 
W 


N 
N 

N 
N 
N 
It 
It 
It 
It 


0 

0 

6 

2.5 

4 

1.3 

0 

0 

£ 

1 

8 

1 

0 

0 

9 

2 

4 

Z 

6 

8 

9 

9 

4 

4 

4 

6 

7 

3.5 

7 

7 

0 

0 

6.5 

4.3 

12 

6 

6 

4 

0 

0 

18 

6.5 

4 

8 

6 

8 

6 

8 

8 

4 

4 

2 

7 

3.5 

7 

3.5 

2 

1 

Hew  starting  point 


New  record  sheet 


New  record  sheet 


New  record  sheet 
Rest;  began  to  move, 
9:39 


*Sraph  on  s*TtB   Plate  with  Individual  XIV. 


FOLD  OUT 


PIRFXUJJCE  RECCliD 

of 

IimiVlUUAL  XX 

Ko.   of 

Time 

Temperature 

Total 

JM9 

ObBervatlon 

Time 

Interval 

Degrees 

Dlstanoe 

Um.  p«r 

RetnarkB 

Mln. 

C 

Urn. 

Uln. 

1 

11:04 

0 

20 

0 

0 

2 

11:07 

3 

n 

5 

1.7 

8 

11:09 

2 

w 

3 

1.5 

Rest;  began  to  move, 
11:29 

4 

11:29 

0 

N 

0 

0 

7 

11:35 

6 

H 

6 

1 

Rest;  began  to  move. 

11:40 


11:37 
1.33  Rest;  began  to  move, 
11:44 


10 

11:47 

3 

N 

3.5 

1.2 

11 

11:50 

3 

N 

8 

2.7 

12 

11:52 

2 

N 

13 

6.6 

13 

11:53 

1 

M 

8.5 

8.5 

14 

11:54 

1 

•f 

3 

8 

15 

11:55 

0 

N 

0 

0 

New  record  sheet 

16 

11:57 

2 

H 

8 

4 

17 

11:59 

2 

M 

6 

4 

16 

12:01 

2 

N 

8 

4 

19 

12:03 

0 

N 

0 

0 

Hew  record  aheet 

20 

12:05 

2 

N 

10 

5 

21 

12:08 

3 

N 

9 

3 

Rest;  began  to  move, 
12:10 

ZZ 

12:15 

5 

W 

4 

0.8 

New  starting  point 

23 

12:20 

5 

N 

10 

2 

24 

12:22 

2 

N 

10 

5 

25 

12:23:30 

0 

W 

0 

0 

New  record  sheet 

26 

12:25 

1.5 

H 

4 

2.7 

27 

12:28 

3 

N 

4 

1.3 

29 

1:32 

0 

11 

0 

0 

30 

1:38 

6 

n 

6 

1 

31 

1:43 

5 

N 

6 

1.2 

32 

1:46 

3 

M 

6 

2 

33 

1:49:30 

3.5 

N 

f 

1.7 

34 

1:53 

3.5 

N 

7 

2 

35 

1:56 

3 

M 

4 

1.8 

36 

2:01 

5 

« 

4 

0.8 

37 

2:04 

3 

H 

4 

1.3 

39 

2:08 

0 

n 

0 

0 

40 

2:12 

3 

N 

2 

0,66 

41 

2:19 

4 

N 

6 

2 

42 

2:22 

3 

N 

6 

2 

43 

2:25 

3 

M 

6 

2 

Temp,  changed,  12:31 
Rest;  began  to  move, 

1:32 
Hew  starting  point 


New  record  sheet 
Rest;  begsua  to  move, 
2:15 


FOLD  OUT 


PHviiX}fcLUiLIiC£  h£CCXiD 

of 

prp^ppAi  Xil. 

No.   of 

Time 

Tetnparatxire 

Total 

Rate 

ObBarvatlon     Time 

Internal 

Degrees         Dl 

Lstacoe 

Um.  per 

Remarka 

Mln, 

C 

Mm. 

Uin. 

1 

10:42 

0 

22.5 

0 

0 

2 

10:43 

M 

8 

8 

3 

10:44 

■ 

e 

8 

4 

10:45 

M 

11 

11 

5 

10:46 

M 

9 

9 

6 

10:47 

N 

6 

6 

7 

10:48 

M 

4 

4 

6 

10:61 

II 

0 

0 

New  record  sheet 

9 

10:52 

m 

6.6 

6.5 

10 

10:53 

m 

9 

9 

11 

10:54 

N 

2.5 

2.5 

12 

10:55 

N 

2.5 

2.5 

13 

10:56 

M 

5 

5 

14 

10:57 

M 

5 

5 

15 

10:58 

n 

6 

6 

16 

10:59 

n 

3.5 

3.5 

17 

11:00 

N 

10 

10 

16 

11:01 

N 

6 

5 

19 

11:02 

M 

6 

6 

20 

11:03 

M 

6 

6 

21 

11:04 

It 

8 

3 

22 

11:05 

n 

Z 

3 

Rest;  began  to  move* 
11:14 

24 

11:14 

tt 

0 

0 

26 

11:15 

M 

2 

2 

26 

11:16 

W 

2 

2 

27 

11:18:30 

n 

0 

0 

New  record  sheet 

26 

11:20 

1.5 

If 

10 

6.6 

29 

11:21 

N 

3.5 

3.5 

30 

11:22 

II 

3,5 

3.5 

31 

11:24 

II 

10 

5 

32 

11:25 

M 

8.5 

8.5 

33 

11:26 

It 

6 

34 

11:27 

11 

6 

35 

11:26 

II 

5.5 

5.6 

36 

11:29 

n 

7 

37 

11:30 

H 

7 

36 

11:31 

It 

0 

New  record  sheet 

39 

11:32 

II 

8 

40 

11:33 

If 

8 

41 

11:34 

II 

7 

42 

11:36 

It 

19 

9.6 

43 

11:37 

It 

9 

44 

11:38 

It 

9 

45 

11:39 

It 

6 

Rest;  began  to  moTe* 
11:40 

46 

11:41 

M 

8 

47 

11:42 

It 

8 

46 

11:43 

H 

8 

Ul     -      (2) 


-23b- 


No.   of 

Time 

Temperature 

Total 

Rate 

Obsarratlon 

Tim« 

Interval 

Degrees 

Dlstanoe 

Km.  per 

nemarke 

Mln. 

C 

Um. 

Mln. 

49 

11:44 

1 

22.5 

4 

4 

50 

11:46 

1 

H 

3 

3 

61 

U:47 

2 

N 

2.6 

1.25 

Temp,  ohan^d,   11:47 

52 

11:51:30          0 

26 

0 

0 

Hew  record  sheet 

53 

11:53 

1.5 

If 

10 

6.66 

64 

11:54 

H 

3 

8 

66 

11:55 

M 

a 

8 

56 

11:56 

N 

6 

6 

67 

11:57 

N 

7 

7 

58 

11:58 

N 

8 

8 

59 

12t00 

2 

« 

9 

4.5 

60 

12t04 

0 

N 

0 

0 

Hew  record  aheet 

61 

12:06 

2 

H 

4 

2 

62 

12:08 

2 

N 

6.5 

3.25 

63 

12:10 

2 

M 

7 

3.5 

641 
66] 

12:11 

1 

H 

9 

9 

65 

12:20 

0 

n 

0 

0 

Haw  record  sheet 

66 

12:22 

2 

n 

6 

4 

67 

12:24 

2 

m 

4 

2 

Beat;  began  to  move, 
12:28 

66 

12:28 

0 

m 

0 

0 

New  record  sheet 

69 

12:29 

m 

T 

7 

70 

12:30 

m 

10 

10 

71 

12:32 

N 

23.5 

11.7 

72 

12:38 

M 

11 

11 

73 

12:34 

■ 

10 

10 

74 

12:35 

M 

0 

0 

New  record  sheet 

75 

12:36 

N 

10 

10 

76 

12:37 

H 

12 

12 

77 

12:38 

m 

7 

7 

78 

12:39 

m 

6 

6 

79 

12:40 

N 

» 

6 

New  direction 

80 

12:41 

« 

6 

6 

61 

12:42 

N 

6.6 

8.5 

82 

12:43 

M 

7 

7 

83 

12:44 

N 

e 

8 

84 

12:45 

It 

6 

6 

65 

12:46 

H 

7 

7 

86 

12:47 

■ 

7 

7 

87 

12:50 

0 

H 

0 

0 

New  record  sheet 

88 

12:52 

2 

M 

6 

2.5 

69 

12:53 

1 

m 

8 

3 

Rest;  began  to  move, 
12:56 

90 

12:58 

0 

M 

0 

0 

91 

1:00 

2 

It 

• 

8 

92 

1:02 

2 

It 

4 

2 

93 

1:04 

2 

M 

4 

2 

94 

1:06 

2 

m 

8 

1.5 

-iOD- 


XXI  -   (3) 


No.   of 

Tlma 

Temperature 

Total 

Rate 

Obsarratlcm 

Tinw 

Interval 

Degree* 

Dletanca 

Urn.  per 

Reraaxlca 

llln. 

0 

Uffl. 

Uin. 

95 

1:06x30 

0 

26 

0 

0 

New  record  aheet 

96 

li09 

£.6 

It 

u 

6.6 

97 

1:11 

£ 

N 

17 

6.6 

96 

1:12 

1 

N 

e 

8 

99 

It  14 

2 

N 

18 

6.5 

Animal  up  against 
edge  of  slide 


-kiO  I- 


DTPrVUlUAL  XXII 


No.   of 
Obsenratlon     Time 


Time         Tempera tare         Total         Rate 

Interval         Degreee         Dlstauoe     Um.  per 

Uln.  C  Mm.  Uin. 


Remarks 


1 

9:22 

2 

9:23 

8 

9:24 

4 

9i25 

5 

9:26 

ft 

9:27 

7 

9:28 

8 

9:29 

9 

9:30 

10 

9:31 

11 

9:32 

12 

9:33 

13 

9:34 

14 

9:35 

15 

9:36 

16 

9:37 

17 

9:38 

16 

9:39 

19 

9:40 

20 

9:41 

21 

9:42 

22 

9:43 

23 

9:44 

24 

9:45 

25 

9i46 

26 

9:47 

27 

9:48 

28 

9:49 

29 

9:50 

30 

9:51 

21 

9:52 

32 

9:54 

33 

9i55 

34 

9:56 

35 

9:57 

36 

9:58 

37 

9:59 

38 

10:00 

39 

10:01 

40 

10:02 

41 

10:06 

42 

10:06 

43 

10:07 

44 

10:06 

30 


0 
1 

1 
1 

1.5 
0 

1 

1 
0 

I 

1 


24 


Z2. 

M 

N 
If 

M 
W 

w 

N 
M 
M 
N 
M 
M 


M 
N 
N 
N 
It 
H 
H 
N 
W 
N 
N 
N 
M 
N 
N 
N 


25 


0 

0 

u 

u 

6 

• 

8 

8 

0 

6 

6 

8 

10 

10 

a 

8 

8.5 

6.5 

9 

9 

9 

9 

9 

9 

U 

12 

0 

0 

12 

12 

8 

8 

12 

12 

T 

7 

9 

9 

0 

0 

ft 

6 

8 

8 

4 

4 

10 

10 

18 

18 

16 

U 

U 

U 

18 

18 

0 

0 

18 

U 

12 

12 

82 

16 

20 

20 

0 

0 

IS 

18 

18 

18 

20 

20 

21 

14 

0 

0 

11 

U 

6 

8 

0 

0 

10 

10 

U 

14 

Temp,  ohan^d,   9:23:30 


ITew  record  sheet 


New  record  sheet 


New  record  sheet 


Tetnp.  chan^d,   9:55:30 
New  record  sheet 


New  record  sheet 
Rest;   began  to  moTe, 
10:04 

New  starting  point 


mi    -    (2) 


-238- 


No.  of 
Observation  Tim* 


Timo    Torq^eraturo    Total    Rate 

Interval    Degraae    Distance  Um.  per 

Win.  C  Um.  tlln. 


ReoiarkB 


45 

10:09                 1 

25 

9 

46 

10:10                 1 

m 

Vi 

18 

47 

10x10:30          0 

N 

0 

48 

10tl2                1.5 

N 

6 

49 

10:13                 1 

M 

6 

50 

10:14                1 

N 

7 

51 

10:15                 1 

N 

10 

10 

52 

10:17                2 

m 

«e 

10 

53 

10:18                0 

H 

0 

0 

54 

10tl9                 1 

N 

15 

15 

55 

10:20                1 

« 

16 

16 

56 

10:21                1 

It 

16 

16 

57 

10:22                0 

II 

0 

0 

58 

10:23                1 

H 

8 

6 

59 

10:24                 1 

H 

a 

6 

60 

10:25                1 

N 

10 

10 

61 

10:26                 1 

It 

10 

10 

62 

10:27                 1 

M 

12 

12 

63 

10:28                 1 

m 

IS 

13 

64 

10:28:30          0 

N 

0 

0 

65 

10:30                 1.5 

N 

23 

15.3 

66 

10:31                1 

It 

11 

11 

67 

10:32                 1 

M 

11 

11 

66 

10:33                1 

M 

13 

13 

69 

10:34                1 

H 

6 

6 

70 

10:35                 1 

m 

6 

6 

71 

10:36                 1 

m 

16 

16 

72 

10:37                 1 

m 

11 

11 

73 

10:38                 1 

w 

6 

6 

74 

10:39                0 

« 

0 

0 

75 

10:41                2 

« 

25 

12.5 

76 

10:42                 1 

w 

12 

12 

77 

10:43                1 

N 

M 

M 

78 

10:44                1 

w 

20 

20 

79 

10:45                 1 

« 

12 

12 

60 

10:45:30          0 

R 

0 

0 

81 

10:47                 1.5 

M 

12 

8 

82 

10:48                1 

N 

10 

10 

83 

10:49                1 

N 

6 

6 

84 

10:50                 1 

H 

13 

13 

85 

10:51                 1 

It 

13 

13 

66 

10:52                 1 

N 

12 

12 

87 

10:53                 1 

It 

10 

10 

66 

10:53:30          0 

It 

0 

0 

69 

10:55                 1.5 

It 

10 

6.66 

90 

10:56                 1 

It 

3 

3 

91 

10:58                 2 

M 

10 

5 

92 

10:59                0 

N 

0 

0 

93 

11:00                 1 

N 

14 

14 

94 

11:01                1 

N 

11 

11 

New  record  sheet 


New  steo'ting  point 


Kew  record  sheet 


Neir  record  sheet 


Hew  record  sheet 


Hew  record  sheet 


Hew  record  sheet 

Hew  record  sheet 

Teop.  changed,  11:00:3( 


XXII      -      (3) 


-iiay- 


No.  of 
Observation     Time 


Time         Temperature         Total         Rate 

Interval         Def^rees         Distance     Urn,  per 

Min.  C  Um.  Uln. 


fiemarkB 


95 


11:02 


96 

11:08 

1 

97 

11:10 

£ 

98 

11:12 

2 

6 

6 

Z 

1.5 

2 

1 

Rest;   began  to  move, 
11:07 


FOLD  OUT 


-240- 

PIIiFa'.UAKCE  IiECttiD 
of 

i:,JIVII;UAL  ^J.11 


Ko.  of 
observation 


Time 


Time 
Interval 

I^in. 


Temporaturo 

Dej^rees 

C 


Total 
Distance 

Lltn. 


Hut6 
LIm.  par 
Llln. 


Remarks 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


13 
14 
15 
16 


17 
18 
19 

20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 


J,0:t)b 

V 

10x57 

10:58 

10:59 

11:00 

11:01 

11:02 

11:03 

11:04 

11:05 

11:06 

11:07 

11:07:30 

0 

11:08:30 

11:09:30 

11:10:30 

11:11:30 

11:12:30 

11:13:30 

11:14:30 

11:15:30 

11:17:30 

11:18:30 

11:19:30 

11:20:30 

11:21 

11:22 

11:23 

11:24 

11:25 

11:26 

11:28 

11:29 

11:30 

11:31 

11:32:30 

1.5 

11:33:30 

11:34:30 

11:35:30 

11:35:30 

11:38 

11:39 

11:40 

22.5 
II 

II 

M 
II 
II 
II 
II 
II 
II 
II 
II 


22 


20 

N 
N 
•I 
II 

•I 
H 
•I 

n 

•I 
II 
M 
II 
II 
II 

II 
II 
II 
II 
II 
•I 
•I 
II 
II 
II 
II 
II 


0 

0 

5 

5 

7 

7 

13 

13 

9 

9 

6 

6 

5 

5 

6 

6 

6 

6 

5 

5 

6 

6 

16 

16 

0 

0 

12 

12 

14 

14 

9 

9 

10 

10 

5 

5 

3 

3 

3 

3 

5 

5 

3 

3 

4 

4 

6 

6 

10 

10 

0 

0 

9 

9 

5 

5 

7 

7 

5 

5 

6 

6 

3 

3 

5 

5 

3 

3 

6 

4 

7 

7 

3 

3 

6 

6 

11 

11 

0 

0 

7 

7 

3 

3 

Temp,  changed, 11: 07: 30 


ITev/  record  sheet 


Temp,  changed,   11:10:30 


Rest;  began  to  move, 
11:16:30 


Xew  record  sheet 


Rest;  began  to  move, 
11:27 


I'.ew  record  sheet 


-   (2) 


-241- 


i;o.  of 

rimo 

Temperature 

Totul 

Rate 

observation 

Time 

Interv! 

al 

Decrees 

Distance 

ulin*  per 

Remarlcs 

! 

'.;l:;. 

C 

Urn. 

II  in. 

44 

11:41 

0 

20 

?8i)d.  active; 

45 

11:42 

0 

If 

- 

> 

no  locomotion 

46 

11:43 

0 

II 

0 

0 

ITew  starting  point 

47 

11:45 

2 

II 

12 

6 

48 

11:46 

1 

n 

3 

3 

2Qmxj.  chaxiged,    11:46:30 

49 

11:47 

1 

25 

6 

6 

50 

11:48 

1 

N 

4 

4 

51 

11:49 

1 

•  1 

8 

6 

5£ 

11:50 

1 

II 

10 

10 

53 

11:51 

1 

II 

8 

8 

54 

11:52 

1 

II 

8 

6 

55 

11:54 

0 

II 

0 

0 

llev/  record  sheet 

56 

11:55 

1 

II 

12 

12 

57 

11:56 

1 

II 

9 

9 

58 

11:57 

1 

If 

9 

9 

59 

11:58 

1 

II 

12 

12 

60 

11:59 

1 

•1 

11 

11 

61 

1£:00 

1 

II 

12 

12 

62 

12:00: 

15 

0 

II 

0 

0 

ITew  record  sheet 

63 

12:01 

• 

75 

It 

12 

16 

64 

12:02 

1 

" 

13 

13 

65 

12:03 

1 

11 

12 

12 

66 

12:04 

1 

II 

7 

7 

67 

12:05 

1 

II 

11 

11 

68 

12:06 

1 

II 

8 

8 

Rest;  began  to  move 
12:07 

69 

12:08 

1 

II 

4 

4 

70 

12,09: 

10 

1. 

17 

II 

6 

5.1 

71 

12:10 

• 

82 

II 

11 

13.4 

72 

12:11: 

10 

1 

■  1 

14 

14 

73 

12:12 

'  • 

62 

II 

8 

9.7 

74 

12:12: 

30 

0 

II 

0 

0 

i:ew  record  sheet 

75 

12:13 

• 

5 

II 

13 

18 

76 

12:14 

II 

11 

11 

77 

12:15 

II 

10 

10 

78 

12:16 

If 

11 

11 

79 

12:17 

II 

17 

17 

60 

12:17 

fl 

0 

0 

iie.v  racora.  si-e^t 

81 

12:18 

II 

17 

17 

82 

12:19 

It 

15 

15 

83 

12:20 

•  1 

10 

10 

84 

I2i21 

II 

6 

6 

Temp,  cha          ,    .::: 21:45 

85 

12:22 

11 

6 

6 

Ovirling  u; 

85 

12:23 

1 

28 

6 

87 

12:23j 

;30 

0 

n 

" 

0 

To  iZ'.zr-.-",  no 
loc^ 

-242- 


-.11 II 


(3) 


..0,     01' 

Obcervatlon 


Time 


Time 

Interval 

L:in. 


!lG:nrerature 
Da';reea 


Total 
DliitjaiCQ 
lain. 


Uin. 


Remarks 


88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 


99a 
100a 
101a 
10£a 
103a 


99 
100 
101 
102 
103 
104 


105 
106 
109 
110 
111 
112 
113 
114 
115 
116 


12:26:30 

1 

12:27:30 

1 

12:28:30 

1 

12:29:30 

1 

12:30:30 

1 

12:31:30 

1 

12:32:30 

1 

12:33:30 

0 

12:34:30 

1 

12:35:30 

1 

12:36:30 

1 

12:41 

0 

12:42 

1 

12:43 

1 

12:44 

1 

12:45 

1 

12:47 

0 

12:48 

1 

12:49 

1 

12:50 

1 

12:51 

1 

12:51:30 

0 

12:52:30 

1 

12:53:30 

1 

12:56:30 

3 

12:57:30 

1 

12:58:30 

1 

12:59:30 

1 

1:00:30 

1.5 

1:01:30 

1 

1:02:30 

0 

1:03:30 

1 

28 
II 

II 

II 

II 

It 

II 

II 

II 

II 

II 


II 
It 

It 


ti 
II 


25 


10 

10 

11 

11 

5 

5 

6 

6 

6 

6 

5 

5 

11 

11 

0 

0 

6 

6 

8 

•   8 

8 

6 

0 

0 

10 

10 

9 

9 

10 

10 

9 

9 

0 

0 

10 

10 

12 

12 

15 

15 

15 

15 

0 

0 

7 

7 

6 

6 

4 

1.3 

13 

13 

10 

10 

15 

15 

14 

9.3 

19 

19 

0 

0 

8 

8 

99a  -  103a     - 

another  individual 
otserved  by  mistake 


Hew  record  sjisot 


Kew  record  sheet 


Temp,  changed,   12:52 


Eew  record  sheet 
Under  detris 


117 

1:33 

0 

23 

0 

0 

118 

li34 

1 

II 

6 

6 

119 

1:35 

1 

H 

4 

4 

120 

1:36 

1 

•1 

5 

5 

121 

1:38 

2 

II 

8 

4 

Ho  observation  made, 

1:03  -  1:31 
Temp,   changed,    1:33 


ITo  observation  made, 
1:36   -  2:00 


-2*;5- 


X^lll 


('!) 


No. 

of 

Time 

Temperature 

Total 

Rate 

Observation 

Time 

Interval 

Degrees 

Distance 

Urn.  per 

Uemarka 

lliu. 

C 

ulm. 

Min. 

122 

2:00 

0 

15 

0 

0 

Temp,  chansed,  1:59 

123 

2:01 

II 

7 

7 

124 

2:02 

II 

6 

6 

125 

2:03 

•I 

6 

6 

126 

2:04 

II 

4 

4 

127 

2:05 

II 

5 

5 

of 

II.'LIVIDUAi,  XXIV 


I.'o.  of 

observation 


Time 


Time 

Interval 

Uin. 


[?emi)eraturo 

Deprees 

C 


Tota- 
Dlatanoe 
Llm. 


..-»te 

iuiti*  per 
Uln. 


Remarks 


1 

3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1? 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
45 
47 


lj45 

0 

1:46 

1:47 

1:48 

1:49 

1:50 

1:51 

1:52 

1:53 

1:54 

1:55 

1:56 

1:57 

1:58 

1:59 

2:02 

2:03 

2:04 

2:05 

2:06 

2:07 

2:08 

2:09 

2:09:: 

30 

2:11 

1.5 

2:12 

2:13 

2:14 

2:15 

2:16 

2:17 

2:18 

2:20 

2:21 

2:21: 

30 

2:23 

1.5 

2:24 

2:25 

2:26 

2:27 

2:28 

2:29 

2:30 

2:31 

2:31: 

;30 

2:32: 

i30 

2:33: 

i30 

23 


20 
It 

•I 
II 
11 
II 
II 
It 
11 
•I 
It 
n 
It 
It 

H 

•I 


0 

4 

4 

6 

6 

6 

6 

8 
12 

9 
10 
11 
10 

7 

2 

0 

9 
10 
12 
14 
11 

7 

8 

0 

6 

14 

13 

8 

12 

11 


8 

5 

22 

6 

0 

12 

14 

7 

7 

3 

2 

6 

14 

13 

0 

10 


0 
4 
4 
6 
6 
6 
6 
8 
12 
9 
10 
11 
10 
7 
2 
0 
9 
10 
12 
14 
11 
7 
8 
0 
4 
14 
13 
8 
12 
11 


8 
5 

11 
8 
0 
8 

14 
7 
7 
3 
2 
8 

14 

13 
0 

10 


Hew  record  sheet 


ITew  record  sheet 


Demp*   changed,   2:16:15 


>ew  record  sheet 


Lav/  rticora  saeat 


8 


8 


.w? 


^»V^t^' 


^aw— I.- 


Pffii'CI-.UAKCIi:  2 

.Lcao 

Of 

DTDIVIDUAL 

J£L 

No.   of 

Time 

Ta'nj)erature         Total 

Rate 
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n 

New  record  sheet 


A.   seoond  Indlvldtial 
in  field;  aiiown 
In  graph  In  dotted 
lines 

Rest;  began  to  move, 
1x27 


Animal  floating 
•«      11 

New  record  sheet 
Temp,  changed,  1:35:30 


Rest;  began  to  moTe, 

1:41 
New  starting  point 

New  record  sheet 

Animal  floating 
»  It 

•♦      It 
New  starting  point 


Temp,  changed,  1:57:30 


82 


1:57:30 


30 


Ntw  record  sheet 
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XX7III 

— 

(3) 

!To. 

of 

Tlm« 

Tem])erature 

Total 

Hate 

Obsenratlon 

Tims 

Interval 

D«gr«88 

Distanco 

Urn,  per 

Remarlce 

Uln. 

C 

Ita, 

Uln. 

85 

1:59 

1.5 

SO 

10 

7 

64 

2:00 

1 

H 

6 

5 

85 

2:01 

1 

N 

6 

5 

86 

2:03 

2 

N 

9 

4.5 

Temp,  changed,   2:04:30 

87 

2:05 

2 

52 

10 

5 

88 

2x07 

2 

N 

6 

3 

89 

2:06 

1 

N 

6 

6 

Obseirvations 

intermpted 
Temp,  changed,    2:11:30 

91 

2:11 

0 

25 

0 

0 

New  record  sheet 

92 

2:12 

1 

M 

4 

4 

95 

2:13 

1 

It 

2 

2 

Individual 

.mni&  • 

1 

1:27:20 

0 

24 

0 

0 

Probably  divided,   1:27 

2 

1:28:20 

1 

11 

7 

7 

5 

1:29:45 

1.4 

H 

U 

7.8 

4 

1:31 

1.25 

M 

12 

9.6 

5 

1:48:30 

0 

28 

0 

0 

6 

1:49:30 

1 

N 

7.5 

7.5 

7 

1:50:30 

1 

N 

11.5 

11.5 

8 

1:51:30 

1 

N 

6 

6 

9 

1:52:30 

1 

H 

5 

5 

10 

1:53:30 

1 

It 

4 

4 

11 

1:54:30 

1 

n 

7 

7 

*3raph  on  same  Plate  with  Individual  XXIX 


— fcw  r  — 

PHlk'OLll^Ci:  hliCOvD 

of 

niDFVIDUA.^ 

-uUJC 

i:o. 

Of 

Time 

Temr>orature 

Total 

Rate 

Obsei^ation 

Time 

Interval 

i^OL'reee 

Di 

staiioe 

Lira,  per 

iiemarlcB 

Llln* 

G 

lira. 

lAn* 

1 

2t48 

0 

21 

0 

0 

2:49 

1 

II 

4 

4 

3 

2i51 

2 

II 

5 

2.5 

4 

2:53 

2 

II 

11 

5.5 

5 

2:55 

2 

II 

15 

7.5 

6 

2:57 

2 

II 

12.5 

6.2 

7 

2:59 

2 

II 

6 

3 

8 

3:01 

2 

II 

3 

1.5 

Oaueht  ic  debris 

9 

3:07 

0 

it 

0 

0 

::q.v  re :      '      \J9t 

10 

3:08 

1 

II 

6.5 

6.5 

7emp.  changed,  3;08:3 

11 

3:09 

1 

18 

3 

3 

12 

3:10 

1 

•1 

4 

4 

13 

3:12 

2 

•I 

4 

2 

14 

3:13 

1 

■1 

4 

4 

15 

-  3:15 

2 

II 

6 

3 

16 

3:18 

3 

II 

6 

2 

17 

3:20 

2 

II 

4 

2 

Under  debris 

FOLD  OUT 


-268- 
of 

ii;dividj.\l  /jji 


Ko.   cf 
Obsei^atlon 


Ilrao 


xUme 
Ir.torval 


Temperature 
Degrees 

C 


Total 
Distance 


xiate 

I.ta.  per 
Llln, 


liemurks 


1 

■^ 

3 

4 

5 

6 

7 

■  8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

25 
26 
27 

28 
29 


9:03 

0 

9:04 

9:05 

9:07 

9:03 

9:09 

9:10 

9:11 

9:12 

9:12:30 

9:13:30 

9:14:30 

9:15:30 

9:16:30 

9:17:30 

9:18:30 

9:19:30 

9:20:30 

9:21:30 

9:22:30 

9:23:30 

9:24 

9:25 

9:29 

9:30 

9:31 

9:32 

9:34 

2 

20 


H 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
•I 

II 
II 
II 
II 
•I 


0 

0 

5 

5 

5 

5 

6 

3 

9 

9 

10 

10 

4 

4 

3 

3 

4 

4 

0 

0 

Now  record  sheet 

13 

13 

12 

12 

10 

10 

9 

9 

9 

9 

8 

8 

7 

7 

8 

8 

8 

6 

7 

7 

2 

2 

0 

0 

Kew  record  sheet 

1. 

5 

1.5 

Rest;  began  to  -nove, 
9:26 

3 

3 

2 

2 

6 

8 

4. 

.5 

4.5 

13 

6.5 

30 


9:35 


Variable 


Temp,  changed,  9:35 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


9:36 
9:37 
9:40 
9:41 
9:42 
9:43 
9:47 
9:48 
9:49 
9:50 
9:51 
9:52 
9:53 
9:55 
9:57 
9:59 
10:01 


1 
0 

0 
1 
1 
1 

4 

1 
1 
0 
1 
1 
1 
2 
2 
2 

2 


25 
II 
II 
ti 


M 
II 
II 
II 
II 
II 
II 
II 


2 
0 
0 

3.5 
3.5 
2 
23 
4 
5 
0 
3 
4 
8 
4 
4 
2 


2 

0 
0 

3.5 
3.5 

o 

«. 

5.7 

4 

5 

0 

3 

4 

8 

^ 

i. 

2 
1 


Eew  record  sheet 
Observation  interrxiptsd 


New  record  sheet 


(2) 


-26d- 


llo.  of 
Observation     Time 


Timo         'Jempartiture         Total         Hate 

Interval        Iiet^roes         Distance     Urn,  per 

luin.  C  him.  Llin. 


RemarkB 


46 
49 
50 
51 


10:03 
10;04 
10:05 
10:07 


2 
1 
1 
2 


25 


16 

9 

10 

10 


8. 
9 
10 
5 


Temp,  chaneod,   10:08 


52 


10:09 


VariatlQ 


12 


53 
54 
55 
56 

57 
58 
59 
60 
61 


63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 


75 
76 
77 
78 
79 
00 
81 
82 
83 
64 


10:10 
10:12 
10:14 
10:16 
10:18 
10:20 
10:21 
10:22 
10:24 


10:25 
10:26 
10:27 
10:26 
10:30 
10:32 
10:34 
10:35 
10 :  76 
10:37 
10:38 
10:39 
10:40 


10:41 
10:42 
10:-: 
10 : :  •■ 
10:4f 
10:5C 
10:51 
10:52 
10:55 
10:57 


0 
2 
2 
2 
2 
2 
1 
0 
2 


1 
1 
1 
1 
2 
2 
2 
1 
1 
0 
1 
1 
1 


1 
0 
3 


27.5 
It 

II 

II 

II 

II 

II 

II 

II 


>2 
II 
II 
It 
II 
II 
11 
II 
II 
II 
II 
II 
•I 


20 
II 

II 

II 

II 

II 

II 

II 

II 

II 


Hew  record  sheet 


6 

4 

9 

4.5 

12 

6 

15 

7.5 

20 

10 

11 

11 

0 

0 

20 

10 

13 

13 

4 

4 

5 

5 

13 

13 

18 

9 

20 

10 

23 

11.5 

16 

IG 

11 

11 

0 

0 

11.5 

11.5 

13 

13 

13 

13 

13 

13 

13 

13 

11.5 

5«7 

13.5 

6.7 

12 

6 

6 

4 

5 

5 

0 

0 

7.5 

1.5 

15 

7.5 

Ker/  record  sheet 
Temp,  changed,   10:24:3) 


rev;  re-;:rl    sheet 


Terap.  changed,    10:40:3 


Kew  record  sheet 


Terain  char.::ed,    10:57 


85 
86 


10:56 
10:59 


16 
II 


10 


in 


XXX     -      (3) 
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No.   of  Time         Teraparatura         Total  Rata 

Obserration     Time        Inteinral         Degrees         Dlstanoe       Um*  per 

Uln.         C         Mm.      Uln. 


Bamarka 


87 

11:00 

1 

15 

8 

3 

66 

11:02 

0 

M 

0 

0 

89 

11:04 

2 

m 

5 

2.5 

90 

11:06 

2 

m 

11 

5.5 

91 

11:07 

1 

m 

10 

10 

92 

11:08 

1 

m 

6 

5 

93 

11:09 

0 

m 

0 

0 

94 

11:11 

2 

m 

10 

5 

96 

11:13 

2 

N 

11 

5.5 

96 

11:17 

4 

M 

20 

5 

97 

11:19 

2 

N 

10 

5 

9S 

11:21 

2 

M 

10 

5 

99 

11:22 

0 

W 

0 

0 

100 

11:24 

2 

M 

9 

4.5 

101 

11:26 

2 

N 

7 

3.5 

102 

11:28 

2 

« 

12.5 

6.25 

103 

11:30 

2 

W 

11 

5.5 

104 

llt32 

2 

N 

10 

6 

105 

11:33 

1 

27 

6 

6 

106 

11:34 

1 

It 

6 

8 

107 

11:35 

1 

N 

4 

4 

108 

11:36 

0 

a 

0 

0 

109 

11:38 

2 

w 

Z 

1 

110 

11:40 

2 

N 

4 

2 

111 

11:43 

3 

M 

4 

1.8 

112 

11:45 

2 

» 

2 

1 

Kaw  record  sheet 


Haw  record  shaat 


Naw  record  shaat 


Tamp,  chan^d,  11:32:1 


Rest;  began  to  move, 

11:36 
New  record  shaat 


.*■-  ■ I 


FOLD  OUT 
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ipivmiAL  xm 


No.   of 
Obserration     Time 


Time         Temperature         Total         Rate 

Interral         Degrees         Dletanoe     llm.  per 

Uin.  C  Um.  Uin* 


Remarks 


1 

I 

8 

4 

B 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 


17 

16 
19 
20 
21 
22 
23 


ei50 
8:51 
6i53 
8:54 
8:55 
8i57 
6:58 
6:59 
9:00 
9:01 
9:02 
9:03 
9:06 
9:08 
9:10 
9:12 


9:15 
9:16 
9:17 
9:18 
9:19 
9:20 
9:23 


0 

1 

z 

1 
1 

£ 
1 

1 
1 
1 
0 
1 
3 
2 
2 
2 


80 

w 

H 
N 
M 
N 
W 


m 
m 

M 
H 
N 
W 


H 
H 
M 
« 


0 

0 

4.5 

4.5 

7 

3.6 

8 

3 

3 

S 

10 

6 

8 

8 

4 

4 

6 

6 

10 

10 

0 

0 

8 

8 

6 

1,7 

8 

1.5 

U 

7 

8 

4 

0 

0 

3.5 

3.5 

4 

4 

8 

8 

2 

2 

2 

2 

8 

2,7 

Hew  record  sheet 


Chac^lBg  direction 

Bast  until  9:14:20; 
observations  began, 
9:16 


Temp,  changed,  9:23:30 
to  28° 

At  9:28,  temp.  29°  - 
animal  rosette -shaped 

Temp,  changed,  10:24:30 


Ho  locomotion,   9:23  to 

9:35 

Observations  began. 

10:45 

31 

10:45 

0 

20 

0 

32 

10:46 

1 

M 

6 

33 

10:48 

2 

H 

7.5 

3.7 

34 

10:49 

1 

N 

35 

10:50 

1 

M 

36 

10:51 

1 

■ 

37 

10:53 

2 

W 

1.5 

38 

10:55 

2 

• 

39 

10:56 

1 

N 

T«iBp.  changed,    10:56 

ffxm 
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of 
IIOIVIDUAL  XXXII 


Ho.   of  Time         Temperature         Total         Rate 

Ol)»6rvation     Time        Interval         Degree*         Distance     Mm.  per 

Llln.  C  Um.  Mln. 


Remarlcs 


11:59 


16 


12t00 


15 


3 


12  J  02 

2 

14 

4 

2 

12:04 

2 

N 

2 

1 

12:06 

2 

N 

3 

1.5 

12:06 

2 

N 

8 

4 

12:11 

3 

« 

11 

3.7 

12:14 

3 

N 

7 

2.3 

12:17 

3 

N 

6 

2 

10 

12:20 

3 

N 

7 

2.3 

u 

12:24 

4 

M 

6 

1.2 

u 

12:27 

3 

It 

7 

2.3 

18 

12:30 

3 

M 

13 

4.3 

U 

12:30:30 

0 

N 

0 

0 

16 

12:32 

1.5 

6 

8 

2 

U 

12:35 

3 

M 

4 

1.3 

17 

12:39 

4 

« 

4 

1 

18 

12:42 

0 

• 

0 

0 

19 

12:52 

10 

H 

5 

0.2 

£0 

12:57 

5 

N 

8 

0.6 

21 

1:02 

5 

II 

2 

0.4 

22 

1:04 

0 

12 

0 

0 

28 

1:34 

4 

N 

4 

1 

84 

1:38 

4 

20 

4 

1 

25 

1:40 

2 

M 

4 

2 

26 

1:42 

2 

« 

10 

5 

New  record  ahaet 

Temp,  changed,   12:30:3G 


New  record  sheet 


Temp,  changed,   1:03 


Rest;  began  to  move, 
1:30 

Teinp.  changed,   1:37 


under  debris  until  1:5^ 


-<iO*- 


of 


Ko.   of 
Observation 


?ime 


Time 

Interval 

Mln. 


Temperature 
Degrees 

C 


Total 
Listoiice 


Hate 
iiilin.  per 
Llln . 


ixemarks 


1 
2 
3 
4 

5 
6 
7 

8 
9 
10 
11 
12 
13 
14 


!l8 


20 


2i22 

4 

2:26 

4 

2:29 

3 

2:33 

4 

2:34 

1 

2:34:30 

0 

2:36 

1.5 

2:38 

2 

2:40 

2 

2:42 

2 

2:44 

2 

2:46 

2 

2:48 

2 

II 
II 
II 


0 

0 

8,5 

2.1 

12 

3 

15 

5 

16 

4 

5 

5 

0 

0 

7 

5 

10 

5 

3 

1.5 

6 

3 

6 

4 

6 

3 

6 

3 

Hew  record  sheet 


Temp,  changed,   12:48:30 


15 


1:49 


25 


12 


12 


16 

2:51 

2 

26 

23 

11.5 

17 

2:53 

2 

II 

20 

10 

18 

2:53:45 

0 

II 

0 

0 

19 

2:55 

1.25 

II 

4 

3.2 

20 

2:57 

2 

II 

13 

6.5 

21 

2:59 

2 

•1 

25 

12.5 

I'ev;  record  sheet 
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PUiia.«i:.cii  hLoi\D 

of 

IlDIVU^b..^  .U-JV  • 

Ko. 

of 

Time 

Temperature 

Total 

Rate 

Obaervatlon     Time 

Interv 

al 

Decrees 

Distance 

llm,  per             Hemarks 

l:  ir. . 

C 

Llm. 

M  in  • 

1 

3:01:45 

0 

26 

0 

0 

2 

3:03 

1. 

25 

II 

7 

5.5 

3 

3:05 

2 

II 

20 

10 

4 

3:07 

2 

II 

13 

6.5 

5 

3:08 

1 

•1 

8 

5 

6 

3:10 

2 

II 

8 

4 

7 

3:11 

0 

H 

0 

0          Hew  record  sheet 

6 

3:12 

1 

If 

4 

4 

9 

3:14 

2 

II 

9 

4.5 

10 

3:15 

1 

II 

3 

3 

11 

3:17 

2 

II 

15 

7.5 

12 

3:18 

1 

II 

9 

9 

13 

3:19 

1 

II 

8 

8 

14 

3:20:20 

1. 

33 

II 

7 

5.26 

Cra-.vled  beyond  edge 
of  slide 


•draph  on  same  Plate  with  Individual  XXXIII. 


FOLD  OUT 
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of 


IJo.  of  Time         .  "ure         Tc  -  hate 

ubsenratlon     Time       Ir.terra.!  '2         Dlat^^^o     .jr.,  per  iiarrc 


1 

12  s  13 

0 

22 

0 

0 

12:14 

1 

II 

8,5 

8,5 

12:15 

1 

II 

6 

6 

4 

12:16 

1 

If 

8 

0 

5 

12:17 

1 

II 

8 

8 

6 

12:10 

1 

II 

3 

3 

7 

12:19 

1 

II 

7 

7 

e 

12:20 

1 

II 

8 

8 

9 

12:21 

0 

II 

0 

J 

10 

12:22 

1 

It 

9.5 

-     •  ' " 

11 

12:23 

1 

II 

8.5 

-'  •  ■--' 

12 

12:24 

1 

II 

9 

9 

13 

12:25 

1 

II 

7.5 

7,5 

14 

12:26 

1 

»f 

8 

8 

15 

12:27 

1 

II 

7 

7 

16 

12:28 

1 

II 

6 

8 

17 

12:29 

1 

II 

8 

6 

18 

12:30 

1 

II 

8 

8 

19 

12:31 

0 

If 

0 

0 

20 

12:32 

1 

If 

6.5 

6.5 

21 

12:33 

1 

If 

4 

4 

£2 

12:34 

1 

It 

8,5 

8,5 

23 

12:35 

1 

H 

6 

6 

24 

12:36 

1 

It 

6 

6 

25 

12:37 

1 

II 

8 

8 

26 

12:38 

1 

If 

10 

10 

27 

12:39 

1 

It 

6 

6 

28 

12:40 

1 

It 

5 

5 

29 

12:41 

1 

II 

6 

6 

30 

12:42 

1 

II 

4 

4 

31 

12:43 

1 

II 

3 

3 

32 

12:44 

0 

It 

0 

0 

33 

12:45 

1 

II 

4 

4 

34 

12:46 

1 

If 

5 

5 

35 

12:47 

1 

II 

3 

3 

36 

12:46 

1 

II 

4 

4 

37 

12:49 

1 

tf 

7 

7 

38 

12:50 

1 

17.5 

7 

7 

39 

12:51 

1 

II 

[ 

4 

40 

12:52 

1 

II 

2.5 

2.5 

41 

12:53 

1 

If 

2.5 

2,5 

42 

12:54 

1 

17 

2 

2 

43 

12:57 

0 

It 

0 

0 

44 

1^:58 

1 

M 

3 

3 

45 

._:'Q 

1 

II 

3 

3 

raw  racord  sheet 


i;ev/  racer  I  ciiee: 


lew  record  sheet 


[Temp.  chanGod,    12:49: 


Hew  record  sheet 


XaJCV     -      (2) 
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l.'o.  of 

'i:i 

Observation 

i'Lme 

Intc. 
Uin 

•3         Total         iiate 
Distance     w'"..  par 


ReraarkB 


46 

1:00 

1 

17 

4 

4 

47 

liOl 

1 

It 

4 

4 

49 

1:03 

2 

M 

4 

2 

50 

1:05 

2 

II 

4 

2 

51 

1:06 

1 

II 

3 

3 

52 

1:07 

1 

II 

4 

4 

55 

1:15 

0 

II 

0 

0 

56 

1:16 

1 

li 

5 

5 

57 

1:17 

1 

II 

4.5 

4.5 

58 

1:18 

1 

H 

6 

6 

59 

1:19 

1 

■1 

6 

6 

60 

1:20 

1 

II 

6 

6 

61 

1:21 

1 

II 

3.5 

3.5 

62 

1:22 

1 

II 

3 

3 

63 

1:23 

1 

II 

3 

3 

64 

1:24 

1 

•1 

3 

3 

65 

1:25 

1 

II 

5 

5 

66 

1:26 

0 

19 

0 

0 

67 

1:27 

1 

II 

4 

4 

68 

1:30 

0 

II 

0 

0 

69 

1:32 

2 

II 

2 

1 

70 

1:33 

1 

II 

2 

71 

1:34 

1 

II 

4.5 

4.5 

72 

1:35 

1 

II 

7 

7 

73 

1:36 

1 

It 

9 

9 

74 

1:37 

1 

II 

7 

7 

75 

1:36 

1 

II 

6 

6 

76 

1:39 

1 

II 

6.5 

6.5 

77 

1:40 

0 

II 

0 

0 

78 

1:41 

1 

It 

p 

5' 

79 

1:42 

1 

II 

4 

80 

1:44 

0 

It 

0 

0 

81 

1:45 

1 

II 

6 

6 

82 

1:46 

1 

It 

6 

6 

83 

1:47 

1 

II 

8 

8 

64 

1:47:30 

0 

II 

0 

0 

Rest;  liegan  to  move, 
1:15 


Temp,  changed,    1:25 


New  record  sheet 
hest;  tegaii  to  nticve, 
1:30 


Lew  record  sheet 

Rest;  "began  to  move, 
1:44 


lemp.  changed,    1:46:30 


85 


87 
88 


1:49 


2:00 
2:09 


2 
9 


9.5 


3.5 


1 
0.4 


New  record  sheet 
Rest;  becan  to  move, 

1:58 


veri 


II' 


J  .t 


for  nl 


XXXV     -      (3) 


i.e.     01 

Observation     Time 


Time 

Interval 

Uin. 


'ire 


Total 
Lilstaiioe 


iiuto 
Ijn,  i^er 
Uin. 


Remarlca 


89 

2:10 

10.5 

2.5 

2.5 

90 

2:11 

li 

6 

6 

91 

2:12 

II 

4 

4 

92 

2:13 

II 

7 

7 

93 

2:14 

II 

4 

4 

94 

2:15 

II 

3.5 

3.5 

95 

2:16 

II 

2 

2 

96 

2:17 

II 

2 

2 

97 

2:18 

•1 

2 

2 

98 

2:19 

II 

2 

2 

99 

2:20 

0 

II 

0 

0 

100 

2:22:10 

2.16 

•1 

8 

3.7 

101 

2:23:10 

1 

It 

3 

3 

Kev;  record  sheet 


-270- 
of 


1:0.  of 
Observation  Time 


Time    Temperature    Total    iiute 
Interval    Degrees    Distance  I'jn*  per 

:,;in.        G         :>.     I'An, 


Remarks 


0 

1:03 

1 

1;04- 

2 

1:05 

3 

1;06 

4 

1:07 

5 

1:08 

6 

1:09 

7 

1:10 

8 

1:11 

9 

1:12 

10 

1:13 

11 

1:15 

12 

1:16 

13 

1:17 

14 

1:18 

15 

1:19 

16 

1:20 

17 

1:21 

16 

1:23 

19 

1:29 

£C 

1:31 

21 

1:33 

0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 

1 
1 
1 
1 


1 

1 
2 
6 


21 

M 
II 
M 
II 
11 
II 
II 
If 
II 
II 
II 
II 
II 
II 
II 


15 
II 
•I 
II 
II 
II 


0 

3 

c 

2 

2.5 

4 

3 

4.5 

3 

2 

2 

3 


2 

3 

4.5 

2 

2 

3 


0 

3 

2 

2 

2.5 

4 

3 

4.6 

3 

2 

2 

1.5 


2 
3 


2 
3 

2.25 
0.33 

1.5 


Temp.  ohang6'. 


of 


i:o.  of 
Cbservation 


Time 


Time 

Interval 

Uln. 


lerni'aruture 

degrees 

C 


Dlstuiioe 
Urn* 


iiate 
uiln> 


Remarks 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 


2:46 

2:47 

2:48 

2:49 

2:50 

2:51 

2:52 

2:53 

2:54 

2:55 

2:56 

2:57 

2:56 

3:01 

3:02 

3:03 

3:04 

3:05 

3:06 

3:08 

3:09 

3:10 


0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 


-1 

II 
11 
ft 
li 
II 
II 
II 


If 
•I 
It 
II 
II 
II 
II 
II 
It 
II 
II 

N 


0 

0 

8 

8 

8.5 

8.5 

8 

6 

5 

5 

4.5 

4.5 

3 

3 

2 

2 

10 

10 

8 

6 

4 

4 

10 

10 

8 

8 

0 

0 

11 

11 

13 

13 

6 

6 

6 

6 

8 

8 

0 

0 

8 

8 

6 

6 

Kev7  record  sheet 


ITew  record  sheet 


23 


24 

25 

27 

28 

29 

30 

31 

32 

33 

34 

35 

37 

38 

39 

40 

41 

42 

43 


3:11 


3:16 
3:17 
3:19 
3:21 
3:23 
3:25 
3:27 
3:29 
3:31 
3:33 
3:35 
3:38 
3:40 
3:42 
3:44 
3:46 
3:46 
3:50 


2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
0 
2 
2 

2 
2 

o 


9,5 


II 

H 
If 
II 
II 
M 
II 
II 
11 
II 
II 

n 
II 
II 
II 
II 
It 


Temp,  changed,  3:10 
Best,  3:11;  hegau  to 
move,  3:14 


6 

5 

5 

4 

3 

3 

5 

6 

6 

7 

6 

0 

8 

4.5 

4 

3 

3 

3 


3 

5 

2.5 

2 

1.5 

1.5 

2.5 

3 

3 

3.5 

4 

0 

4 

2.25 

2 

1.5 

1.5 

1.5 


llev/  record  sheet 


Temp,  changed,   3:50:30 


44 


3:51 


18 


Variations  In  temp, 
for  several  minutes 


I 


■  272- 


AiCSVIII 


(2) 


Obseirvatlon     Time 


Time 

Interval 

Uln. 


Tc 


ire 


Total 
Dlstunoe 
Llm. 


iOitO 

i.lm,  jjer 


lln. 


Hemarkg 


'iy 


3:52 


16 


Otaervatlon  Interruptc:! 


46 
47 


46 
49 
50 
51 

52 

54 
55 
56 
57 
58 
59 


60 
61 


62 
63 
64 
65 


66 
67 
66 
69 


4:00 

0 

4:02 

2 

4:04 

2 

4:06 

2 

4:08 

2 

4:10 

2 

4:12 

2 

4:15 

0 

4:17 

2 

4:19 

2 

4:21 

2 

4:23 

2 

4:23:30 

0 

4:25:30 

2 

4:32 

4 

4:45 

0 

4:48 

3 

4:50 

2 

4:52 

2 

4:54 

2 

4:56 

2 

4:58 

2 

5:00 

2 

20 
II 


16 
II 

II 

II 

II 

II 
II 
II 
II 
II 
II 


9.5 
II 


14 
II 

II 

•I 


17.5 
II 

II 

II 


0 

0 

12 

6 

7 

3.5 

7 

3.5 

7 

3.5 

6 

4 

8 

4 

0 

0 

3 

1.5 

3 

1.5 

2.5 

1.25 

3 

1.5 

0 

0 

4 

2 

4 

1 

0 

0 

3 

1 

7 

3.5 

4 

2 

4 

2 

7 

3.5 

3 

1.5 

2 

1 

Temp,   steady,  4:02 


Rest;  'began  to  move, 

4:15 
ITe.v  record  sheet 


Ilew  record  sheet 

Temp,  chanced,  4:25:30 

Heat;  begaoi  to  move, 
4:45 

r.evi  record  sheet 
Temp,  changed,  4:52:30 


•Oraph  on  same  Plate  with  Individual  AJU.VII. 

Individual  ^■^wvYIlKal    • 


46 
47 


4:00 

4:02 


0 
2 


20 
II 


0 
11 


0 
5.5 


48 
49 
50 
51 
52 
53 


4:04 
4:06 
4:08 
4:10 
4:12 
4{13 


2 
e. 
2 
2 
2 


16 
11 

II 
II 
II 

II 


3 

4 
2 
2 
4 


1.5 

2 

1 

1 

2 


■  273- 


XXXVIIIa 


(3) 


llo. 

of 

Time 

■i'er.]  eratui-o 

i'OtUi 

iiUlC 

Otservatlon 

Time 

Interval 

Ueirrees 

Uistauce 

ttiTO.  jjer 

Reiiarke 

luln. 

C 

Ljn* 

Llln. 

54 

4il5 

2 

16 

6 

3 

55 

4:17 

2 

II 

14 

7 

56 

4:19 

2 

II 

5 

2.5 

57 

4:21 

2 

M 

9 

4.5 

58 

4:23 

2 

II 

9 

4.5 

•3raph  on  same  Plate  with  Individual  XXA.VII. 


L 

n 

• 

-        r 

Axm 

m 

(-  -  -^ 

-| 

Jl 

f 

! 

^1 

1^ 

^^■1 

' 'H^^^^^^^^^^^^^^^^l 

•— ' 

h 

J.     J  J-     *• 

y 

J  J-         J*         A                                   T 

-274- 
PllicXIvLAI.C£  ULOOvD 

INPIvmJAL  XXXIX 


No.  of 
Observation  Time 


Time    Temperature    Total    Rate 

Interval    Degrees    Distance  Um*  per 

Mln.        C         Um.     Uin. 


Ren&rka 


1 

2i39 

0 

19.5 

0 

0 

s 

2s40 

n 

4 

4 

8 

2t41 

4.5 

4.5 

4 

2(42:10 

1.16 

4 

3.46 

6 

2:43:10 

6 

6 

« 

2:44 

.8 

4 

S 

7 

2:45 

7 

7 

e 

2:46 

6 

6 

9 

2:47 

6 

6 

10 

2:46 

0 

0 

11 

2:49 

6 

6 

12 

2:50 

3 

8 

12a 

2:51 

8 

8 

13 

2:52 

0 

0 

U 

2:53 

6 

6 

15 

2:55 

9 

4.5 

16 

2:56 

6 

5 

17 

2:57 

S 

8 

18 

2:56 

4 

4 

19 

3:00 

14 

7 

20 

3:01 

0 

0 

21 

3:02 

8 

8 

22 

3:03 

10 

10 

23 

3:06 

S 

12 

4 

m 

3:07 

1 

e 

6 

New  record  sheet 


New  starting  point 


80 

3tl9 

0 

11 

0 

0 

81 

3:25 

6 

N 

5 

0.83 

8£ 

3:26 

1 

12 

5.5 

5.5 

88 

3:28 

2 

M 

4 

2 

IS 

3:37 

0 

« 

0 

0 

86 

3t39 

2 

18 

6 

3 

87 

3:41 

2 

N 

4 

2 

88 

3:43 

2 

u 

8 

1.5 

89 

3:45 

2 

N 

6 

3 

40 

3:49 

2 

H 

4 

2 

41 

3:51 

2 

H 

6 

3 

3:08  -  3:19,  pspd. 
aotive  but  no 
locomotion 

Temp.  ch«n^d.  3:16 

New  record  sheet 


Rest,  3:26  -  3:37 
New  record  sheet 


Temp,  oban^d,  3:37 


Temp,  changed,  3:41 
Rest;  began  to  moTe, 
3:47 


XXXIX     -      (2) 
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Ko.    Of 
Obsenratlon     Time 


Time  Tsmperatur*  Total  Rat* 

Interval         Degrsas         Dletauoe     Um.  per 

Hin.        C         Mm.     uln. 


Hamarks 


42 
43 
44 
45 
46 
47 
60 
51 
52 
53 
54 
55 


3:53 
3:54 
3:56 
3:56 
3:59 
4:00 
4:01 
4t04 
4:06 
4:07 
4:11 
4:16 


2 
0 
2 
2 
1 
1 
1 
3 
2 
0 
4 
4 


16 


It 
n 


H 

N 


9 

0 
7 

11 
6 
6 
4 
9 
7 
0 

10 


4.6 
0 

3.fi 
5.S 

6 
6 

4 

S 

3.5 

0 

2,5 

1.25 


New  record  aheet 


ITow  record  sheet 


56 
57 
58 


4:21 
4:23 
4:25 


6 
2 
2 


12 


6 
9 
8 


1 
4*5 

4 


FOLD  OUT 


Ho.    Of 

Obserratioxi     Time 


DTDIYIDUAL  XL 


Tim*    Tenip«r«tiir«    TotAl    BAt« 

Intarral    D«gr«88    Distance  Um.  per 

Uln.        0         Um.     Uln. 


Hemarkji 


10 

u 

12 
IS 
U 
16 
IV 
18 


19 
80 

ai 
» 

£8 

M 

U 

XT 
ft 
«9 
80 
81 
8S 
88 
84 
86 
8ft 
87 
88 
88 
40 
41 
42 
48 


48 

48 

47 
48 


9tl3 

0 

9tU 

1 

9:15 

1 

9:17 

2 

9x19 

2 

9:20 

1 

9:21 

1 

9:22 

1 

9:23 

1 

9:24 

0 

9:26 

1 

9:26 

1 

9»27 

1 

9:28 

1 

9:29 

1 

9:32 

0 

9:34 

2 

9:36 

0 

9:36 

9:37 

9:38 

9:39 

9:40 

9:41 

9:42 

9:43 

9:44 

9:45 

9:46 

9:47 

9:48 

9:49 

9:51 

9:52 

9:53 

9:54 

9:55 

9:56 

9:57 

9:57: 

30 

9:58: 

30 

9:59: 

30 

10:00: 

30 

10:01: 

30 

10:03: 

30 

2 

10:05: 

30 

2 

10:07: 

30 

2 

21 

H 

M 


m 
m 
m 

M 

It 

N 

m 
m 
m 
m 
m 
m 


20 


12,5 
n 

N 

■ 


0 

0 

6 

5 

10 

10 

8 

4 

8 

4 

8 

8 

8 

8 

6 

8 

7 

7 

0 

0 

8.5 

8.5 

7 

7 

6 

8 

7 

7 

6 

6 

0 

0 

8 

8 

0 

0 

3 

8 

8 

8 

9 

9 

8 

8 

8 

8 

7 

7 

7 

7 

8 

8 

6 

8 

8 

8 

0 

0 

8 

6 

10 

10 

8 

8 

9 

4.5 

8 

3 

2 

2 

2 

2 

0 

0 

8 

8 

7 

7 

0 

0 

7 

7 

8.5 

6.5 

9 

9 

2 

2 

2 

1 

8 

1.5 

8 

1.6 

New  record  sheet 


Animal  floating 
Now  record  sheet 


I7ew  record  sheet 


Hew  record  sheet 


Animal  floating 
Hew  starting  point 

Hew  record  ahaet 


Temp,  changed,  10:00:3< 


XL     -      (2J 


No.   of 
Oti«rvation     Tim* 


-277- 


Tiat         Temperature         Total         Rata 

Ictenral         Degree*         Dlstano*     Urn.  p«r 

Uln.  C  Urn.  Uln. 


Hemarka 


49 

10 1 12 

0 

50 

10:14 

2 

51 

10:16 

2 

52 

10:18 

2 

53 

10:20 

2 

54 

10:22 

2 

65 

10:24 

2 

56 

10:26 

2 

57 

10:27 

0 

523 

10:29 

2 

533 

10:31 

2 

543 

10:32 

1 

553 

10:33 

1 

563 

10:35 

2 

573 

10:37 

0 

58 

10:40 

3 

59 

10:45 

0 

60 

61 
62 
63 


64 
65 
66 
67 
66 
69 
70 
71 
72 


10:47 


11:09:15 

11:11 
11:13 
11:15 
11:17 
11:19 
11:20 
11:22 
11:25 


2 


10:63  3 

10:54:20  0 

10:56  2 


0 

1.75 

2 

2 

2 

8 

0 

2 

S 


12.5 

M 
M 

n 

N 

« 
w 
w 

H 
N 


9 
w 

H 

N 


9.5 


10.5 

N 

M 

N 
N 


W 
It 


0 
8 

a 

12 
8 

10 

12 

12 

0 

U 

10 

6 

4 


6 

0 

2.5 

0 


8 
0 

4 


0 

3 

7.5 
7.5 
4 
6 
0 
6 
10 


0 

4 

4 

6 

4 

8 

6 

6 

0 

6.5 

5 

8 

4 


2.5 

0 

.8 
0 

1.5 


1 
0 
8 


0 

1.7 

3.7 

3.7 

2 

2.5 

0 

9 

3.3 


New  etartlDg  poiat 


N*w  record  sheet 

No*.  52-57  were 

repeated  'by  mlstakai 
on  record  sheet 
indicated  by  "3" 


Temp,  ohan^d,  1:35 
Hew  record  sheet 

Rest;  began  to  mcTe, 

10:45 
Rest;  began  to  move, 

10:50 

Temp,  raised  slightly, 

10:63 
Rest;  began  to  moTe, 

10:56 
Rest;  began  to  moTa, 

11:09:15 
Pspd.  actiT* 
New  record  sheet 


New  record  sheet 


Temp,  changed,  11:25:30 


73 


11:26 


Variable 


74 
75 


11:28 
11:30 


2 
2 


16.5 

N 


8 
8 


4 
4 


76 


11:32 


15 


6.5 


XL     -      (3) 


-27a- 


Ro*  of 
ObMrration     Time 


TliM         T«inp«ratur«         Total         Rata 

Intarval         Degraaa         Distanoa     um.  per 

Uin.  0  lan.  uln. 


Ramarlca 


T7 

11:34 

2 

IC 

8 

4 

78 

11:35 

0 

N 

0 

0 

T» 

11:37 

2 

W 

6 

3 

60 

11:39 

2 

« 

4 

2 

81 

11:41 

2 

M 

2 

1 

82 

11:44 

3 

M 

7 

2,33 

88 

11:46 

2 

W 

4 

2 

64 

11:46 

2 

N 

7 

8.5 

86 

11:50 

2 

n 

4 

2 

66 

11:52 

2 

a 

4 

2 

Naw  raoord  ahaat 


FOLD  OUT 


.  . x.EC«a\D 

of 


No,  of 
Otservatloii 


:ime 


rval 
Uln. 


'ure 

J  3 


Dlst.- 
llm. 


hute 

-n,  per 

Min. 


:.em.o.r'<3 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
2Z 
23 


24 
25 
26 
27 

26 
29 
30 
31 


32 

33 

34 
35 


10:47 


10:48 

10:49 

10:50 

10:51 

10:51:30 

10:53 

1.5 

10:54 

10:55 

10:56 

10:57 

10:58 

10:58:30 

11:00 

1.5 

11:01 

11:02 

11:03 

11:04 

11:05 

0 

11:06 


11:07 

1 

11:06 

1 

11:13 

5 

11:14 

1 

11:15 

1 

11:16 

1 

11:18 

0 

11:19 

1 

11:20 

1 

11:22 

2 

11:23 

1 

11:24:30 

0 

11:33 

11:36 
11:39 


3 
3 


22 

H 
It 
tt 


II 
11 
If 
II 
•I 
II 
II 
II 


II 
II 
It 


21.5 


II 
II 
II 
It 
II 
■I 
II 


10.5 


10 


0 

12 
14 
14 
11 

0 
19 

8 
12 

6 

6 
12 

0 
15 
11 
12 
11 

8 

0 


0 
12 
14 
14 
11 

0 
12.7 

8 
12 

6 

6 
12 

0 
10 
11 
12 
11 

8 

0 


Ilevr  record  sheet 


ITew  record  sheet 


Animal  changing 

direction 
Animal  changing 

direction 


2.5 

2.5 

2 

2 

6 

1.2 

12 

12 

15 

15 

14 

14 

0 

0 

liew  record  sheet 

14 

14 

10 

10 

21 

10.5 

14 

14 

0 

0 

Tear,  chantjed,   11:24 
aest;  tc  ■■■•:■       "■     • 
very  - 

7 

1 

4 

1.3 

Terqi.  drops   to  10°, 
11:36 

6 

2 

Temp,  changed,    11:42 

Animal  floated 
11:42  -  11:52 


}.iJ.      -      (2} 


-230- 


Ko.  of 

Time 

T              'ure 

Total 

.-•0 

Otsarvatlor. 

T'  '-•1        intarval 

j^  1^     I  >-j  3 

DlStODCti 

.,-...   r,er 

Remarks 

luin. 

J 

lijC. 

win. 

39 

11:52 

0 

11 

40 

11:56 

4 

II 

4 

1 

41 

12:00:30 

0 

II 

0 

0 

T'av;    i-0'-:c-i-_l    _.;•..-,.;'■. 

42 

12:04 

3.5 

II 

4 

1.1 

xOap.    C^U^ClU(     li;^iO& 

43 

12:08:30 

0 

13 

0 

0 

i:ew  starting  point 

44 

12:11 

2.5 

It 

3 

1.2 

45 

12:13 

2 

II 

5 

2.5 

46 

12:ir 

^ 

II 

4 

2 

47 

12:17 

II 

8 

4 

48 

12:19 

2 

II 

10.5 

5.2 

49 

12:21 

2 

II 

8.5 

4.2 

50 

12:23 

2 

II 

6,5 

3.2 

51 

12:25 

2 

It 

9 

4.5 

52 

12:26 

0 

II 

0 

0 

ITaw  record  sheet 

53 

12:28 

II 

10 

5 

54 

12:30 

2 

H 

7 

3,5 

55 

12:32 

2 

11 

11 

6.5 

56 

12:54 

2 

II 

10 

5 

57 

12:36 

2 

II 

e 

4 

58 

12:37 

0 

II 

0 

0 

ITew  record  sheet 

59 

12:39 

2 

H 

10 

5 

60 

12:41 

2 

•I 

11 

5.5 

61 

12:43 

2 

II 

10 

5 

62 

12:45 

2 

II 

9 

4.5 

63 

12:47 

2 

II 

6 

3 

64 

12:49 

H 

12 

6 

65 

12:50 

1 

n 

4.5 

4.5 

66 

12:51 

0 

It 

0 

0 

ITew  record  sheet 

67 

12:53 

It 

9 

4.5 

Temp,  changed,    12:54 

68 

12:55 

2 

II 

7 

3.5 

69 

12:57 

2 

14 

5 

2.5 

70 

12:59 

2 

•1 

10 

5 

71 

1:01 

2 

15 

12 

6 

72 

1:03 

2 

It 

8 

4 

73 

1:05 

2 

H 

6 

3 

74 

1:07 

2 

II 

5 

2.5 

^kO-C;  L'Ofj-i:;  \o  move, 
1:12      ■ 

77 

1:14 

2 

II 

1.5 

.75 

78 

1:16 

2 

It 

2.5 

1,25 

Rest;  began  ;>.  .  cva, 
1:23 

80 

1:25 

2 

II 

7 

3.5 

81 

1:27 

2 

II 

4 

2 

62 

1:29 

2 

It 

4 

2 

83 

1:31 

2 

It 

6 

3 

-201- 


XLI   -   (3) 


iro. 

of 

Time 

Teraperati;re 

Total 

Rata 

Otservatlon 

Time 

Interval 

Decreea 

Distance 

l'JR»    \>9T 

Remarks 

Mln. 

C 

Un. 

win* 

64 

lj33 

2 

15 

7 

3.5 

85 

1:35 

2 

•t 

7 

3.5 

66 

lt37 

2 

H 

7 

3.5 

87 

1:39 

2 

20.5 

5 

2.5 

Temp,  changed,   1:38:30 

88 

1:41 

2 

H 

1 

.5 

89 

1:43 

0 

II 

0 

0 

ITew  starting  point 

90 

1:45 

2 

If 

3 

1.5 

Hest;   begins   to  moTe, 
1:50 

91 

1:50 

0 

n 

0 

0 

ITew  record  sheet 

92 

1:52 

II 

2 

1 

93 

1:54 

2 

It 

5 

2.5 

94 

1:56 

2 

n 

13 

6.5 

95 

1:58 

2 

II 

13 

6.5 

96 

2j00 

2 

II 

3 

1.5 

97 

2:04 

0 

II 

0 

0 

Ke?/  recc              ^t 
Pspd.  nu . 

98 

2:06 

2 

n 

5 

2.5 

Temp,  changed,   2:07:30 

99 

2:08 

2 

II 

5 

2.5 

100 

2:10 

2 

Variable 

4 

2 

Temp.  varia,o-8 

101 


2ii: 


28 


102 

2:14 

2 

29 

6 

3 

103 

2:16 

0 

II 

0 

0 

Ajainal  starting  in 
new  direction 

uoves  fonvard,  2:24 


105 

106 

107 
108 
109 

110 

111 
112 
113 
114 
115 


2:27 


27 


2:32 

3 

2x34 

2 

2:36 

2 

2:38 

2 

2:42 

2 

2:44 

2 

2:47 

3 

2:49 

2 

2:50:30 

0 

II 
II 
It 
II 


2:53 


2.5 


7 

7 
10 
13 

7 
7 
13 
5 
0 
7 


2.3 

2.3 

3.5 

5 

6.5 

3.5 

3.5 

4.3 

2.5 

0 

3 


Rests  for  two  zi 

moves  forwaru.,   ^:^? 


Rests;  begins  to  cove, 
2:40 


Hew  record  sheet 


iU 


2i56 


26.5 


2.7 


XLI      -      (4) 


-L^ii^ 


::o. 

of 

Tlmo 

.....        ...       ...,jpQ 

Total 

Kate 

Obearvutlon 

Time 

lnterva_ 

w8 

Distance 

Ijn.   per             Remark i 

Mln. 

c 

Xm. 

Llln. 

117 

2:59:30 

0 

26.5 

0 

0 

Kew  re-'-'     heet 
Temp.    .     .      . i,   2:59:30 

118 

3:01 

2.5 

19.5 

3 

2       . 

119 

3:03 

2 

tf 

2 

1 

120 

3:05 

2 

»» 

3 

1.5 

» 

121 

3:07 

2 

M 

2 

1 

122 

3:09 

II 

3 

1.5 

i) 

/ 

yc 

n 

■1 

0 

D 

3' 

-282- 

PH 

of 

ill 

>Io. 

of 

Time 

To""  -••  '.ture 

Total 

Kate 

- 

Cbservation     Time 

Interval 

J  a 

Cistonoe 

Urn*  par 

Remarks 

^iii. 

aJ 

Uffl. 

Uin. 

1 

1;46 

0 

20 

0 

0 

2 

1:49 

1 

II 

9 

9 

3 

1:50 

1 

II 

5 

5 

4 

1:51 

1 

II 

6 

8 

Temp .   chan;-e  d ,    1 :  "  1  :  "^ 

5 

1:52 

1 

16.5 

3 

3 

6 

1:53 

1 

II 

4 

4 

7 

1:54 

0 

16 

0 

0 

Rest;  tegan  to  move, 

1:55 

6 

1:56 

1 

tt 

3 

3 

9 

1:57 

1 

II 

5 

5 

10 

1:58 

1 

II 

9 

9 

11 

1:59 

1 

11 

5 

5 

12 

2:00 

1 

II 

5 

5 

13 

2:01 

1 

II 

5 

5 

14 

2:02 

1 

II 

5 

5 

15 

2:03 

0 

11 

0 

0 

ITew  record  sheet 

16 

2:04 

1 

II 

5 

5 

17 

2:05 

1 

It 

3.5 

3.5 

18 

2:06 

1 

II 

2 

2 

19 

2:07 

1 

II 

2.5 

2.5 

20 

2:08 

1 

11 

4.5 

4.5 

21 

2:09 

1 

II 

3.5 

3.5 

22 

2:10 

1 

II 

6 

6 

23 

2:11 

1 

II 

4 

4 

24 

2:12 

1 

II 

6 

6 

25 

2:13 

1 

II 

4 

4 

26 

2:14 

1 

II 

4 

4 

27 

2:15 

1 

II 

4 

4 

28 

2:15 

1 

II 

3 

3 

29 

2:17 

1 

II 

4 

4 

30 

2:18 

T 

II 

7 

7 

31 

2:19 

1 

II 

7 

7 

Animal  at  edge  of  cell 


FOLD  OUT 


-r.84- 

PU;ya..Ul.J£  U£UCL.I> 

of 

l^k 

.•  r ; ,'   ..                    r 

Ko.   of 

-..;  erature 

Total 

,\'J.lo 

Observation     Time 

Interval 

Degrees         Dl 

stance 

ljr.»   per 

itemarka 

llin. 

C 

I'ja, 

ilin. 

1 

11:23 

0 

20 

0 

0 

2 

11:24 

fi 

3.5 

3.5 

3 

11:25 

It 

4.5 

4.5 

4 

11:26 

H 

6 

6 

5 

11:27 

II 

5 

5 

6 

11:26 

II 

4 

4 

7 

11:29 

11 

4 

4 

8 

11:30 

II 

5 

5 

9 

11:31 

II 

2 

2 

10 

11:32 

•1 

2 

2 

11 

11:34 

2 

It 

2 

1 

1£ 

11:36 

2 

II 

5 

2.5 

13 

11:38 

2 

II 

2.5 

1.25 

14 

11:40 

2 

II 

6 

3 

Rest;  'began  to  move, 

11:45 

15 

11:46 

0 

II 

0 

0 

llew  record  sheet 

16 

11:48 

2 

II 

3.5 

1.75 

17 

11:50 

2 

II 

3 

1.5 

18 

11:52 

0 

II 

0 

0 

Hew  record  sheet 

19 

11:54 

2 

II 

20 

10 

20 

11:55 

2 

II 

12 

6 

Temp,  rising  slightl, 

2Z 

1:01:?C 

0 

10.5 

0 

0 

l.'ew  record  sheet 

23 

1:03 

..5 

" 

2.5 

1.7 

24 

1:05 

2 

II 

4.5 

2.25 

£5 

1:08 

3 

II 

12 

4 

26 

1:10 

2 

II 

6 

4 

27 

1:12 

2 

II 

5 

2.5 

26 

1:15 

3 

11 

3 

1 

Rest;  be?an  to  move, 

1:17 

29 

1:23 

• 

II 

4 

0.7 

30 

1:28 

" 

II 

3.5 

^.7 

anged,    IrC? 

31 

1:34 

6 

12 

4 

0.7 

32 

1:38 

4 

II 

4 

1 

33 

1:41 

3 

II 

3 

1 

34 

1:44 

3 

11 

1 

0.7 

35 

1:52 

0 

II 

0 

aet;  began  to  move, 
1:52 

36 

1:55 

3 

13 

2 

0.7 

Temp,   rises,   l:rL 

37 

1:57 

0 

II 

0 

"  ov:  record  sheet 

3d 

1:59 

2 

lo.;; 

3 

ad,    lir-J 

39 

2;01 

2 

•1 

4 

40 

2:04 

3 

II 

5 

. 

44 

2:08 

4 

II 

6 

1.5 

4 
i 


2LIII      -      (2] 


-28b- 


Ho.   of 
Observation 


Time 


Total 

•"•-val 


ToniMerature 
:.orroo6 


Total 

Distance 


Rate 

to.  per 
y.i-n. 


Remarlcs 


45 
46 


2tl0 


15.5 


2.5 


47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 


62 
63 
64 
65 
67 

68 
69 
70 
71 
72 
73 
74 
75 


LO 


2il6 

lb 

2jl8 

2 

2sl8:?0 

0 

£;20 

1.5 

2:21 

1 

2t22 

1 

2t24 

2(26 

2 

2>28 

£ 

2  J  30 

2 

2:32 

2 

2:34 

2 

2:36 

2 

2:36:30 

0 

2:38 

1.5 

2:40 

2 

2:42 

2 

2:44 

2 

2:55 

0 

2:57 

£ 

2:59 

2 

3:02 

3 

3:05 

3 

3:07 

2 

3:11 

4 

3:15 

4 

3:18 

3 

It 
II 
II 
II 
It 
II 
M 
11 
It 
II 
II 
II 
li 
It 


16 
It 


II 
II 


4 

it. 

10 

5 

13 

6.5 

0 

0  . 

14 

9.3 

8 

e 

4 

4 

6 

4 

2 

5 

2.5 

6 

3 

11 

5.5 

7 

3.5 

9 

4.5 

0 

0 

4 

2.7 

2 

1 

2 

1 

3 

1.5 

0 

0 

2 

1 

1.5 

0.75 

2 

0.7 

4 

1.3 

1 

0.5 

7 

1.7 

10 

2.5 

6 

2 

-t 


.  ra  i>i.o  J  t 


Tst;:  .   cAau^-ea,    i.:37 


Best;  begar  to  move, 
2:55 


34,  8:18: 


76 


3:20 


13.5 


1.5 


77 


78 


3:22 


3:25 


12.5 


.  dw  record  sheat 

temp. 

..est;  b9i;ai:  to  moT«, 
3:51 


81 

3:51 

0 

10.5 

0 

82 

3:55 

4 

It 

3 

83 

4:00 

5 

It 

2 

ad.  Si 45 


-286- 

of 

\ 

llii^IViyiJitii  iO-iV   * 

i;o*  of 

Time 

■re 

4.0   -^^ 

. .  *■  - 

Observation 

Time 

Interval         ^ ..  . .  ,^           ^i 

-t— l.CU 

--;..    f-ui* 

HemaVka 

Lin. 

C 

llm. 

Uln. 

• 

1 

10:27 

0 

18* 

0 

0 

2 

10:26 

1 

II 

3 

3 

3 

10:29 

1 

•1 

7 

7 

4 

10:31 

2 

It 

15 

7.5 

5 

10:33 

2 

II 

9 

4.5 

6 

10:35 

2 

•t 

7 

3.5 

7 

10:37 

2 

II 

7 

3.5 

8 

10:39 

2 

II 

3 

1.5 

9 

10:41 

2 

II 

4 

2 

10 

10:43 

0 

II 

0 

0 

Hew  record  sheet 

11 

10:45 

II 

13 

6.5 

12 

10:47 

2 

N 

13 

6.5 

13 

10:49 

2 

II 

2 

1 

14 

10:53: 

30        0 

II 

- 

- 

Animal  floating 

15 

10:56 

0 

M 

— 

~ 

It                II 

16 

10:58 

2 

16 

9 

4.5 

Temp,  changed,   10:57 

17 

11:00 

2 

•1 

5 

2.5 

18 

11:02 

2 

•• 

15 

7.5 

19 

11:04 

2 

II 

12 

6 

20 

11:06 

2 

•• 

10 

5 

21 

ll:0e 

2 

It 

6 

3 

22 

11:09 

0 

II 

0 

0 

New  record  sheet 

23 

11:11 

2 

II 

3.5 

1,75 

Best;  began  to  move, 

^  1  .  ■"; 

25 

11:22 

0 

11 

0 

0 

H«w  starting  point 

26 

11:24 

2 

M 

2 

1 

27 

11:27 

0 

16.2 

0 

0 

Slight  rise   In  temp.; 
Pspd. 

28 

11:29 

2 

II 

2 

1 

Rest;  \;               r.cvo, 
11:33 

30 

11:33 

0 

16 

0 

0 

Hew  record  sx;e>jt 

31 

11:34 

1 

N 

2 

2 

32 

11:35 

1 

II 

4 

4 

33 


11:37 


17 


10 


aise    In  temp.; 
Rest;   one  minute 


36 

11:40 

2 

13.8 

2 

1 

!renp.  changed,   11:39::! 

37 

11:41 

0 

n 

0 

0 

Rest 

38 

11:47 

1 

N 

2.5 

2.5 

39 

11:53 

4 

II 

3.5 

0.9 

*Sraph  on  same  Plate   v^dth  Indlvldaal  JOill. 


FOLD  OUT 
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of 

INDIVIDUAL  XLV 


No.  of  Time    Temperature    Total    Rate 

Observation   Tin©  Interval    Degrees    Distance  Wm.  per     Hemarks 

Min,         C         Mm.     Min*. 


1  12:59:30  0  17  0  0 

2  1:01  1.5  "  8  5.3 

3  1:03  2  "  10  5 

4  1:05  2  "  12  6 

5  1:07  0  "  0  0    Hew  record  sheet 

6  1:09  2  "  4  2 

7  1:11  2  "  4  2 

8  1:13  2  "  11  5.5 

9  1:15  2  »  10  5 

10  1:17  2  "  11  5.5 

11  1:20  3  12.5  12  4  Temp,    changed,    1:18 

12  1:21  0  "  0  0  New  record  sheet 

13  1:23  2  '•  2.5  1.25 

14  1:25  2  "  3.5  1.75 

15  1:27  2  "  4  2 

16  1:29  2  "3  1.5 


12:59:30 

0 

1:01 

1.5 

1:03 

2 

1:05 

2 

1:07 

0 

1:09 

2 

1:11 

2 

1:13 

2 

1:15 

2 

1:17 

2 

1:20 

3 

1:21 

0 

1:23 

2 

1:25 

2 

1:27 

2 

1:29 

2 

1:31 

2 

1:35 

2 

1:35 

2 

1:37 

2 

1:39 

2 

1:43 

0 

1:45 

2 

1:47 

2 

1:49 

2 

1:61 

2 

1:53 

2 

1:55 

0 

1:59 

0 

2:01 

2 

2:03 

2 

17  1:31  2  "                       9                4.5 

18  1:35  2  ••                       6                3 

19  1:35  2  "                      3                1.5 

20  1:37  2  "                      42 

21  1:39  2  "3                1.5         Temp,    changed,    1:41 

22  1:43  0  14                      0                0              New  record  sheet 

23  1:45  2  "42 

24  1:47  2  "                       5                2.5 

25  1:49  2  "21 

26  1:61  2  "                      5               2.5 

27  1:53  2  "         3      1.5    Temp,  changed,  1:54 

26  1:55  0  15         0      0 

29  1:59  0  •»         0      0     New  record  sheet 

30  2:01  2  "         12       6 

31  2:03  2  "84 

Rest;  began  to  move, 
2:24 

32  2:24  0  13.8                 0               0             Temp,   changed,   2:20 

33  2:26  2  "5       2.5 

34  2:28  2  "         6      3 

35  2:30  2  "42      Temp,  changed,  2:31 

36  2:32  2  12.2       3       1.6 

37  2:34  2  "         2.6     1.25 


2:24 

0 

2:26 

2 

2:28 

2 

2:30 

2 

2:32 

2 

2:34 

2 

2:36:30 

2.5 

2:39 

2.5 

2:42 

3 

2:45 

3 

2:47 

2 

2:60 

3 

38  2:36:30  2.5  "  4  1.6 

39  2:39  2.5  "  4  1.6 

40  2:42  3  "  4  1.3 

41  2:45  3  "7  2.33 

42  2:47  2  "  2  1 

43  2:60  3  "  4  1.33 


1 


XLV     -      (2) 


-288- 


No. 

of 

Time 

Temperature 

Total 

Rate 

Observation 

Time 

Interval 

Degrees 

Distance 

Mm,   per 

Remarks 

Min, 

C 

Mm. 

I'in. 

44 

2:52 

0 

12,2 

0 

0 

New  record  sheet 

45 

2:54 

2 

II 

2 

1 

Temp,    changed,    2:54 

46 

2:56 

0 

11 

0 

0 

47 

2158 

2 

It 

2 

1 

48 

3:01 

3 

II 

2 

0,7 

49 

3:03 

2 

II 

2 

1 

50 

3:06 

3 

II 

1 

0.3 

51 

3:12 

6 

II 

2 

0,3 

52 

3:18 

6 

It 

1 

0.16 

53 

3:23 

5 

II 

2 

0.4 

54 

3:26 

3 

II 

1 

0.3 

Temp,    changed,   3:27 

55 

3:29 

3 

13 

2 

0.66 

56 

3:31 

0 

II 

0 

0 

New  record  sheet 

57 

3:33 

2 

It 

2 

1 

58 

3:38 

5 

II 

1.5 

0.3 

59 

3:43 

5 

It 

2 

0.4 

60 

3:46: 

30       3,5 

II 

2 

0.6 

i 

61 

3:54 

8 

It 

2 

0.25 

62 

3:59 

5 

II 

3 

0.6 

FOLD  OUT 


-289- 

of 


Ko.  of  Time         Temperature         Total         Rate 

Observation     Time       Interval        Deci'eas        Distance     Un,  rier 

Llln.  C  i/i/n,  Llln. 


Rffnarka 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


12 
13 
14 
15 
16 
17 
18 


19 
20 
21 


22 

23 
24 
25 
26 
27 
28 
29 
30 
31 


32 
33 
34 
35 
36 
37 
38 
39 


1:06 

0 

1:08 

2 

1:10 

2 

1:12:15 

2.25 

1:14 

1.75 

1:16 

2 

1:18 

2 

1:20 

2 

1:22 

2 

1:23 

0 

1:25 

2 

1:27 

2 

1:29 

2 

1:31 

2 

1:33 

2 

1:35 

2 

1:36 

0 

1:38 

2 

1:40 

2 

1:42 

2 

1:46:30 

0 

1:49:30 

0 

1:53 

3.5 

1:55 

2 

1:57 

0 

1:59 

2 

2:01 

2 

2:03 

0 

2:07 

0 

2:09 

0 

2:11 

0 

2:13 

2 

2:16 

3 

2:19 

Z 

2:22 

3 

2:25 

3 

2:26 

0 

2:29 

3 

2:32 

3 

14 
II 

II 

It 

II 

II 

n 

It 

•I 

II 

H 


14.5 
•I 

II 

II 

It 

II 

M 


10 
•I 

II 


12 


II 
II 

M 


10 
II 

II 

M 
II 
II 

n 
II 


0 

0 

9 

4.5 

6.5 

3.25 

7 

3.1 

7 

3.4 

9 

4.5 

6 

3 

11 

5.5 

19 

9.5 

0 

0 

ITew  record  sheet 

10 

5 

Terap.  rising  slightly 

10 

5 

16 

8 

15 

7.5 

7 

3.5 

7 

3.5 

0 

0 

New  record  sheet 

12 

6 

leuiL .   ciiai'.ged,    1:39 

9 

4.5 

5 

2,5 

0 

0 

Temp,  rising; 

Pspd.  active  but  no 
locomotion 

0 

0 

5 

1.4 

3 

1.5 

0 

0 

Hev/  starting  point 

4.5 

2.25 

3.5 

1.75 

- 

- 

Animal  floating 

- 

_ 

M                             II 

_ 

_ 

II                          N 

- 

- 

II                          II 

5 

2.5 

Temp,  changea,   i:x^ 

6 

2 

1.5 

0.5 

3 

1 

4 

1.3 

0 

0 

Kew  record  sheet 

7 

2.3 

7 

2.3 

Terap.  changed,   2:33:30 

40 


2:35 


14 


10 


3.3 


XLVI      -      (2) 


Eo.  of 

Time 

Temperature 

Total 

Rat^ 

Observation 

Time       Interval 

Degrees 

Distance 

Lira,  per 

itemarka 

Llln. 

C 

Iilm. 

Llin, 

41 

2»39 

4 

14 

9 

2.2 

42 

2:42 

3 

M 

11 

3.7 

43 

2:45 

0 

M 

- 

- 

Animal  floating 

44 

2:47 

2 

n 

8 

4 

45 

2:49 

2 

n 

8 

4 

• 

46 

2:51 

2 

II 

8 

4 

47 

2:54 

3 

II 

6 

2.7 

48 

2:57:30 

0       ■ 

It 

0 

0 

Hew  record  aheet 

49 

3:02 

4.5 

18 

14 

3.1 

Temp,  changed,   2:59 

50 

3:05 

3 

II 

8 

2.7 

51 

3:07 

2 

11 

3 

1.5 

52 

3:11 

4 

II 

34 

8.5 

53 

3:13 

2 

II 

12 

6 

54 

3:14 

0 

It 

0 

0 

ITew  record  sheet 

55 

3:16 

2 

II- 

11 

5.5 

56 

3:18 

2 

II 

6.5 

3.25 

57 

3:20 

2 

11 

5 

2.5 

58 

3:23 

3 

II 

14 

4.7 

59 

3:25 

2 

II 

3 

1.5 

60 

3:27 

2 

II 

8 

4 

Temp.   c>^a:rn-9d,   3:29 

61 

3:30 

0 

16 

0 

0 

Kew  record  sheet 

62 

3:33 

3 

n 

13 

4.3 

63 

3:36 

3 

II 

13 

4.3 

64 

3:39 

3 

It 

23 

7.7 

65 

3:42 

3 

n 

13 

4.3 

66 

3:42:30 

0 

II 

0 

0 

New  record  sheet 

67 

3:46 

3.5 

II 

3 

0.85 

68 

3:46:30 

0 

II 

0 

0 

Hew  starting  point 

69 

3:49 

2.5 

II 

4 

1.6 

70 

3:51 

2 

°ii 

11 

5.5 

71 

3:53 

S 

II 

7 

3.5 

Rest;  begins  to  move, 
3:58 

74 

4:00 

2 

II 

11 

5.5 

75 

4:02 

2 

n 

13 

6.5 

76 

4:04 

2 

If 

7 

3.5 

-291- 
of 


Ko.  of 
Observation 


Tlmo 


Time 
Interval 

::ln. 


Tomverature 

Decrees 

C 


3 
4 

e 

6 
7 

e 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

ZZ 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
40 
41 
42 
44 
45 
46 
47 
48 
49 


9t22t30 


9t£4 

1.5 

9)26 

2 

9t28 

2 

9t29 

9i3l 

9»31;30 

0 

9:33 

1.6 

9:34:30 

1.5 

9:36 

1.5 

9:38 

9:40 

9:42 

z 

9:43 

1 

9:43:30 

0 

9:45 

1.5 

9:47 

2 

9:49 

2 

9:51 

9:51:30 

0 

9:53 

1.5 

9:54 

1 

9:55 

1 

9:56 

1 

9:57 

1 

9:58 

1 

9:58:35 

0 

10:00 

1.4 

10:01 

1 

10:02 

1 

10:03 

1 

10:04 

1 

10:05 

1 

10:06 

1 

10:07 

0 

10:08 

1 

10:09 

0 

10:10:30 

0 

10:1::; 

1.5 

10|13 

1 

10:14 

1 

10:15 

1 

10:17 

2 

10:18 

0 

10:19 

1 

10:20 

1 

10:21 

1 

10:22 

1 

18 
f« 

li 


M 

n 

M 

II 

H 

It 
II 
II 
n 
It 
•I 
II 
II 


•I 
n 
11 
II 
II 
II 
II 
II 

H 

It 

N 

II 
•I 
n 
II 
II 
II 


19 
n 

II 

If 

II 

II 

H 
II 
II 
II 


Total 
Llstunce 

LL-n. 


8 
10 
IS 
9 
18 
0 
7 
6 
13 
17 
14 
14 
13 
0 
13 
22 
13 
26 
0 
11 
4 
3 
14 
14 
10 
0 
19 
11 
13 
12 
8 
15 
15 
0 
7 
0 
0 

20 
13 

5 
12 
15 

0 
15 
11 

4 

7 


Rute 
tin.  per 
I.  In. 


Hema.r1cB 


0 

5.33 
5 
9 
9 
9 
0 

4.66 
5.33 
8.66 
8.5 
7 
7 
13 
0 

8.66 
11 

6.5 
13 
0 

7.33 

4 

3 

14 

14 

10 

0 
13.6 
11 
13 
12 

8 
15 
15 

0 

7 

0 

0 

13.3 
13 

5 
12 

7.5 

0 
15 
11 

4 

7 


ITew  record  sheet 


New  record  sheet 


New  record  sheet 


New  record  sheet 


rev/  record  eheet 

Animal  floating 
Temp,  begar.    to   rise, 
10:10:30 


New  record  sheet 

Temp.  chanc9<i,    iw:;.6 
Animal  floating  10j28 


^Vll  -   (2) 


-».j-- 


.,0.  01 

Obcervatlon  lime 


Tlno 

Iiitei'val 

Uln. 


a 


Total 


iuita 
.-•:..  per 


Heaarks 


51 

10:28 

0 

25.5 

0 

A 

52 

10:30 

2 

II 

19 

9.5 

53 

10:31 

1 

w 

12 

I'c 

54 

10:32 

1 

n 

10 

10 

55 

10:33 

1 

n 

13 

13 

56 

10:34 

0 

II 

0 

0 

57 

10:35 

1 

H 

4 

4 

56 

10:36 

1 

II 

5 

5 

59 

10:37 

1 

II 

5 

5 

60 

10:37: 

30 

0 

n 

0 

0 

61 

10:38 

0 

II 

0 

0 

62 

10:39 

1 

II 

12 

12 

63 

10:40 

1 

•1 

13 

13 

64 

10:41 

1 

It 

13 

13 

65 

10:42 

1 

ti 

9 

9 

66 

10:42: 

50 

1 

II 

5 

5 

67 

10:44 

0 

II 

0 

0 

68 

10:45: 

05 

1.1 

II 

9 

8.1 

69 

10:46 

0.9 

ti 

7 

7.7 

70 

10:47: 

05 

1.1 

II 

10 

9.1 

71 

10:48 

0.9 

II 

10 

11 

72 

10:49: 

05 

1.1 

II 

9 

6.2 

73 

10:50 

1 

II 

3 

3 

74 

10:53 

0 

13.5 

0 

0 

75 

10:54 

1 

II 

5 

5 

76 

10:55 

1 

II 

5 

5 

77 

10:57 

2 

II 

4 

2 

78 

10:59 

2 

II 

6 

3 

79 

11:01 

2 

II 

2 

1 

80 

11:03 

2 

II 

2 

1 

81 

11:05 

2 

M 

5 

2.5 

82 

11:08 

3 

II 

15 

5 

83 

11:11 

3 

ft 

13 

4.3 

84 

11:14 

3 

II 

25 

6 

Kew  record  sheet 


Kew  record  sheet 
Heading  doubtful 


I'ew  record  sheet 


Temp,  chan^d,   10:50 


New  record  sheet 


-Z4Z- 

PiliirCfxUk2iCL  BiKOhl) 

cf 

^I.f.^Vi^L^V- 

j^'nn 

llo.  of 

Time 

Temj.ei'ature           Total 

Kate 

Observation 

Tine 

Interval 

jJecroes 

Dli 

stance 

Km,  per 

Remarla 

..:in. 

C 

1.1m. 

win. 

1 

11 J  03 

0 

20.5 

0 

0 

2 

11:04 

II 

6 

6 

3 

11:05 

II 

9 

9 

4 

11:06 

II 

5 

5 

5 

11:07 

H 

3 

3 

6 

11:08 

II 

4 

4 

7 

11:09 

•1 

5 

5 

8 

11:10 

II 

10 

10 

9 

11:11 

II 

7 

7 

10 

11:12 

II 

10 

10 

11 

11:13 

II 

7 

7 

12 

11:14 

II 

6 

6 

13 

11:15 

0 

- 

- 

Ajiimal  floating 

U 

11:15: 

30 

0 

"• 

— 

II                II 

15 

11:17 

1.5 

16 

7.33 

Temp.,   16°,   11:16 

16 

11:16 

1 

II 

7 

7 

17 

11:19 

1 

II 

4 

4 

18 

11:20 

1 

II 

4 

4 

Temp,  changed,    11:20; 

19 

11:22: 

30 

c 

8.5 

0 

0 

Hew  record  sheet 

20 

11:24 

1.5 

II 

3 

2 

Temp,  changed,    11:26 

21 

11:28 

0 

14 

^ 

. 

Animal  floating 

22 

11:30 

0 

II 

_ 

- 

n                    II 

23 

11:31 

0 

H 

- 

- 

II                    II 

24 

11:32 

0 

II 

- 

_ 

II                    It 

25 

11:33 

0 

II 

- 

- 

II                    II 

26 

11:34 

0 

tl 

0 

0 

ITew  starting  point 

27 

11:35 

1 

II 

6 

6 

28 

11:36 

1 

II 

5.5 

5.5 

29 

11:36: 

30 

0 

•1 

0 

0 

Hew  record  sheet 

30 

11:38 

1.5 

II 

6 

4 

31 

11:39 

1 

M 

2 

2 

32 

11:41 

2 

n 

4 

2 

33 

11:43 

II 

8 

4 

34 
35 
36 
37 
38 
39 
40 

41 


11:4b 

11:47 

11:47:30 

11:49 

11:51 

11:52 

11:55 

11:57 


0 
0 
1.5 

2 
2 
2 


15.5 


N 
II 


II 

M 


I 


5 
4 
4 
4 

5 


Temp,  rising  slowly 
to  15.50 


2.33 
2 
2 
2 

2.5 


-vLVIII      -      (C) 


-2i»l- 


No. 

of 

Jlme 

Temjjerature 

Total 

iUltO 

Otservatlon 

Time 

interval 

Degroea 

I>lstanoa 

Lin,   per 

ReraarkB 

Llin. 

C 

!uin« 

i.;ln. 

42 

11j59 

2 

15.5 

12 

6 

43 

1£:01 

2 

•t 

5 

2.5 

Obserratlon  Intermp 

44 

1:17 

0 

21 

0 

0 

:Tew  record  ciieat 

45 

ltl8 

1 

It 

3 

3 

46 

li20 

2 

N 

A 

2 

47 

1:22 

2 

II 

3 

1.5 

ITO.    Of 

observation     Time 


-295- 
of 


Time         Temporat\u"0         Total 
Intervul         Decrees        i>l8tajice 
i:ln.  C  ilm. 


Rate 


jr 


iie-nurlcs 


1 

T 

4 
5 
6 

7 

3 

9 

10 

11 


12 

13 
14 
15 
16 
17 
18 
19 
20 
21 


£2 


1:52 

0 

1:53 

1 

1:54 

1 

1:56 

2 

1:58 

2 

2:00 

2 

2:02 

2 

2:04 

2 

2:06 

2 

2:06 

2 

2:09 

0 

2:11 

2 

2:13 

2 

2:15 

2 

2:17:30 

0 

2:19 

0 

2:21 

2 

2:23 

2 

2:25 

2 

2:27 

2 

2:31 

2 

2:33 


16 

M 

•  I 


It 
It 


12.5 
It 

II 

It 

II 

It 

II 

It 

It 

It 


14.5 


0 
5 

4.5 
9 
4 
9 
13 
6 
9 
9 
0 


6 
4 
4 


0 
2 
3 
3 
5 
6 


0 

5 

4.5 

4.5 

2 

4.5 

6.5 

4 

4.5 

4.5 

0 


3 

2 
2 

0 

1 

1.5 

1.5 

2.5 

3 


"ev;  record  sheet 
loap.  chaneed,  2:09:30 

Animal  floating 


Kest,   2:27   -  L-.k-i' 
Temp,  rose  to  14.5°, 
2:31:30  -  2:33:30 


23 

2:34 

0 

12 

0 

0 

24 

2:38 

4 

K 

3 

0.75 

_ . 

3:08 

0 

14 

0 

0 

26 

3:10 

2 

2.5 

1.2i 

29 

3:13 

3 

3 

1 

30 

3:17 

4 

6 

1.5 

31 

3:20 

3 

5 

1.7 

32 

3:22 

2 

4.5 

2'^ 

3:24 

2 

5 

*-  •  ■   ■ 

Temp,  drops,   2: 3': 30; 
at  12°  by  2:34 

Animal  curled  up 

Eo  movement,  2»38  -  3: 

Temp.   14°,  2:55 

New  record  sheet 


*araph  on   airae  Plate  \vlth  Indlvidoal  JOiVIII. 


FOLD  OUT 
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of 
INDI'/IDUAJ.   L 


No,   of 
Observation 


Time 


Tim© 

Intorval 

V.in. 


Temperature 
Degrees 

C 


Total 
Distance 


Rate 
K'jn .    per 
Win. 


Remarks 


1 

11:07:30 

0 

2 

11:09 

1.5 

S 

11:11 

2 

4 

11:13 

2 

5 

11:15 

2 

6 

11:17 

2 

7 

11:19 

2 

8 

11:21 

2 

9 

11:23 

2 

10 

11:25 

2 

11 

11:27 

2 

12 

11:29 

2 

15 

11:31 

2 

14 

11:32 

0 

15 

11:34 

2 

16 

11:36 

2 

17 

11:36 

2 

16 

11:40 

2 

19 

11:42 

0 

20 

11:45 

3 

21 

11:47 

2 

22 

11:49 

2 

23 

11:52:30 

0 

24 

11:55 

2.5 

25 

11:57 

2 

26 

11:59 

2 

27 

12:00:30 

0 

28 

12:03 

2.5 

29 

12:05 

2 

SO 

12:07 

2 

21 
n 

N 

n 

N 

n 

18 
It 

It 

It 

n 

It 

It 

n 

II 

It 

It 

It 

It 

N 
It 
It 
It 
M 
It 
It 

n 
It 
ti 

n 


0 

0 

3,5 

2.33 

3.5 

1.75 

3 

1,5 

4 

2 

4 

2 

8 

4 

4.5 

2.25 

4 

2 

9 

4,5 

9 

4.5 

9 

4.5 

6 

3 

0 

0 

5 

2.5 

7 

3.5 

4 

2 

3 

1,5 

0 

0 

2 

0.7 

1 

0.5 

3 

1,5 

0 

0 

3, 

1.2 

1.5 

0.75 

2 

1 

0 

0 

3 

1.2 

2 

1 

3 

1,5 

Temp,  changed,  11:17:30 


New  record  sheet 


Mew  record  sheet 


Rest;  begiriS  to  move, 
11:52:30 


Hew  record  sheet 
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of 
INDIVIDUAL  LI   • 


No.    of 
Observation 


Time 


Time 

Interval 

Mln. 


Temper  at  lire 

Degrees 

C 


Total 
Distance 

Mm. 


Rate 
!»in,  per 
Min. 


Remarks 


1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 

36 


37 
38 
39 
40 
41 

42 

43 
44 


12:40:30 

0 

12:42 

1.5 

12:44 

2 

12:46 

2 

12:48 

2 

12:50 

2 

12:52 

2 

12:54 

2 

12:56 

2 

12:57 

0 

12:59 

2 

1:02 

3 

1:04 

2 

1:06 

2 

1:08 

2 

1:09 

1 

1:10 

1 

1:12 

2 

1:14 

2 

1:16 

0 

1:18 

2 

1:20 

2 

1:22 

2 

1:24 

2 

1:26 

2 

1:29 

3 

1:31 

2 

1:33 

2 

1:35 

2 

1:37 

2 

1:39 

2 

1:41 

2 

1:42 

2 

1:44 

0 

1:45 

1 

1:47 

2 

1:52 

2 

1:54 

0 

1:56 

2 

1:58 

2 

2:00:30 

0 

2:02:30 

0 

2:04 

1.5 

2:06 

2 

19 

It 

n 

M 

n 

N 
N 

n 
It 
It 
n 
It 
It 
n 

16.5 
II 

It 

It 

n 

n 

It 

It 

It 

ti 

It 

It 

II 

It 

It 

n 

It 

n 

H 
It 


13.5 
n 


It 

N 

It 
It 

R 


0 

0 

7 

4.66 

6 

2.5 

3 

1.5 

3.5 

1.75 

4 

2 

11 

5.5 

8.5 

4.25 

8 

4 

0 

0 

13 

6.5 

6 

2 

19 

9.5 

15 

7.5 

8 

4 

5.5 

5.5 

4.5 

4.5 

7.5 

3.75 

9 

4.5 

0 

0 

6 

3 

11 

5.5 

7 

3.5 

5.5 

2.75 

4 

2 

8 

2.7 

6 

3 

5.5 

2.75 

3 

1:5 

3 

1:5 

4 

2 

5 

2.5 

10 

5 

0 

0 

8 

6 

4 

2 

3 

1.5 

0 

0 

4.5 

2.25 

6 

3 

0 

0 

0 

0 

6 

4 

10 

5 

Hew  record  sheet 


Temp,  changed,  1:07 


New  record  sheet 


New  record  sheet 
Temp,  changed,  1:44:30 


Rest;  begins  to  move, 
1:50 

New  record  sheet 


Animal  detached  from 

substratum 
Animal  detached  from 

substratum 


-298- 


LI 


(2) 


No. 

of 

Tinie 

Temperature 

Total 

Hate 

Observation 

Time 

Interval 

Degrees 

Distanoe 

Un.  per      Remarks 

Min. 

C 

Mm. 

Min. 

45 

2:08 

2 

13.6 

8 

4 

46 

2:10 

2 

t( 

6 

3 

47 

2:12 

2 

II 

9 

4.5 

48 

2:14 

2 

n 

3 

1.5 

49 

2:15 

0 

n 

0 

0     New  reoord  sheet 

50 

2:17 

2 

n 

4 

2 

51 
52 
63 
54 
55 


56 
57 
58 
59 


60 

61 

62 
63 
64 
65 
66 
67 
68 

69 
70 

71 
72 
73 
74 
75 
76 
77 

78 
79 
80 
81 


2:21 

2 

2:23 

2 

2:25 

2 

2:27 

2 

2:29 

0 

2:34 

0 

2:36 

2 

2:38 

2 

2:41 

3 

Z-.'H: 

30 

1.5 

2:46 

1.5 

2:49: 

30 

0 

2:51: 

30 

0 

2:53 

0 

2:55 

0 

2:57 

2 

3:02 

5 

3:05 

3 

3:10: 

15 

0 

3:12 

1.75 

3:16 

0 

3:19 

3 

3:21 

2 

3:24 

3 

3:27 

3 

3:32 

5 

3:35 

3 

3:37: 

30 

0 

3:39 

1.5 

3:42 

3 

3:45 

3 

16.5 
ti 

n 

II 

N 


14.5 
II 

11 

N 


n 
n 

10.5 
n 

M 
N 

II 
II 
II 

II 

N 

12.5 

ti 

II 

N 

n 
n 

n 


3 

1.5 

8 

4 

5 

2.5 

7 

3.5 

0 

0 

0 

0 

8 

4 

9 

4.5 

6.5 

2.17 

2.5 

1.7 

2.5 

1.7 

15 

N 


0 
2 

2 
1.5 

0 
2 

0 

2 

2.5 

2.5 

5 

6 

7.5 

0 
5 
5,5 

4 


0 

1 

0.4 

0.5 

0 

0,9 

0 

0.7 

1.25 

0.8 

1.7 

1.1 

2.5 

0 

3.33 
1.83 
1.3 


Rest;   begins  to  move, 

2:19 
Temp,    changed,   2:20 


Animal   detached  from 

substratum 
Temp,   changed,   2:29 


Animal  detached  for 
part  of  this  interval 

Temp,   changed,   2:46:30 

No  locomotion,   but 
flow  of  granules 


New  starting  point 
Temp,   changed,   3:12:30 

New  record  sheet 


Temp,   changed,   3:35:30 
New  record  sheet 


•Oraph  on   same  Plate  vvlth  Indlvldaal  L. 


of 
IliDIVIDUAL   LI  I 


No.   of  Time         Temperature         Total         hate 

Observation     Time        Interval         Degrees         Distance     L'jt,.   per 

l!.in,  C  Mm.  V:in. 


Remarlcs 


1 
2 
8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


9:13 

0 

9:14 

1 

9:15 

1 

9:17 

2 

9:19 

2 

9:21 

2 

9:23 

2 

9:23:30 

0 

9:25 

1.6 

9:27 

2 

9:29 

2 

9:31 

2 

9:33 

2 

9:35 

2 

9:37 

2 

9:37:30 

0 

9:39 

1.5 

9:41 

2 

9:43 

2 

9:44:16 

1.25 

9:45 

.75 

9:45:30 

0 

9:47 

1.5 

9:49 

2 

9:51 

2 

9:53 

2 

9:54 

1 

9:54:30 

0 

9:56 

1.5 

9:57:30 

1.5 

18 
ti 

It 

It 

It 

It 

It 

N 
If 

n 

N 
ft 

n 
n 
It 
It 


22 
It 

N 

■ 
It 
It 
It 
It 
H 
It 
It 
It 


0 

4.5 

6 

6 

7 
11 
15 

0 

6 

9 
20 
15 
16 
13 
15 

0 
17 
23 

18 
13 

8 

0 
14 
25 

9 
12 

8 

0 
15 

7 


0 

4,5 

6 

3 

3.6 

5.5 

6.5 

0 

4 

4.5 
10 

7.6 

8 

6.5 

7.5 

0 
11.3 
11.5 

9 
10.4 

6 

0 

9.3 
12.5 

4.5 

6 

8 

0 
10 

4.66 


Mew  record  sheet 


New  record  sheet 


Temp,  changed,  9:41:30 


New  record  sheet 


New  record  sheet 


Under  debris 


FOLD  OUT 


PHxtXHLAKCL  HEUORD 

of 

of 

Time 

Iiroi^/IDUAL  LIII 

Total 

Rate 

No. 

Temperature 

Observation 

I     Time 

Interval 

Degrees 

Distance 

li'jn,  per 

Remarks 

Min. 

C 

Im, 

kin. 

« 

1 

10:28 

0 

18. 

0 

0 

2 

10:30 

2 

n 

7 

3.5 

S 

10:32 

2 

N 

11 

5.5 

4 

10:34 

2 

n 

15 

7.5 

Temp,  rising 

5 

10:36 

2 

19 

15 

7.5 

6 

10:38 

2 

n 

14 

7 

7 

10:38: 

30       0 

M 

0 

0 

New  record  sheet 

8 

10:40 

1.5 

n 

12 

8 

9 

10:42 

2 

n 

18 

9 

10 

10:44 

2 

n 

10 

5 

11 

10:46 

2 

H 

17 

8,5 

12 

10:48 

2 

N 

12 

6 

15 

10:50 

2 

It 

20 

10 

Temp,   changed,   10:5! 

14 

10:52 

2 

22 

20 

10 

15 

10:53 

0 

n 

0 

0 

New  record  sheet 

16 

10:55 

2 

n 

24 

12 

Reading  doubtful: 

17 

10:58 

0 

n 

0 

0 

18 

11:  CO 

2 

n 

25 

12.5 

19 

11:02 

2 

N 

9 

4.5 

20 

11:04 

0 

N 

0 

0 

21 

11:06 

2 

n 

26.5 

13. 2J 

22 

11:07 

0 

n 

0 

0 

25 

11:06 

1 

H 

3 

3 

24 

11:09 

1 

M 

6 

6 

25 

11:11 

2 

n 

16 

8 

26 

11:13 

2 

n 

20 

10 

27 

11:15 

2 

27 

14 

7 

28 

11:16 

1 

n 

4 

4 

29 

11:17 

1 

n 

2 

2 

50 

11:18 

1 

n 

2 

2 

51 

11:19 

1 

u 

2 

2 

52 

11:20 

0 

m 

0 

0 

55 

11:22 

2 

m 

2 

1 

54 

11:24 

2 

m 

5 

2.5 

55 

11:26 

2 

H 

10 

5 

56 

11:27 

1 

« 

2 

2 

57 

11:29 

2 

n 

12 

6 

58 

11:30 

1 

M 

11 

11 

59 

11:31 

1 

n 

10 

10 

40 

11:33 

2 

n 

7 

3.5 

41 

11:34:30 

1.5 

N 

3 

2 

animal  may  have  been 
floating.     After 
observation  16   - 
animal  detached  from 
substratum 
New  starting  poiirt 


New  starting  point 
New  record  sheet 


Temp,  changed  11:13:30 


New  record  sheet 


Temp,   changed,    11:35 


mfm^^         ftm 


-301- 


Ull      -      (2) 


No.    of  Time  Tomporature         Total         Rate 

Obaorvation     Time        Interval         Degrooe         Distanoe     V!in.   por  Remarka 

I-'in.  C  Mm.  Mln', 


42  11:36  1.5  25.6  3  2 

43  11:37  1  "  3  3 

**  11:38  0  "  0  0       New  record  sheet 

45  11:40  2  "  3  1.5 

46  11:42  2  «  ll  5.5 

47  11:44  2  "  12  6 

48  11:45  1  *  4  4 

*9  11:46  0  "  0  0       New  record  aheet 

50  11:48  2  »  9.5  4.75 

61  11:50  2  "  16  8 

52  11:51  1  "  3  3 

53  11:53  2  "  8  4 

54  11:55  2  "  10  5 

55  11:57  2  "  4  2 

56  11:58  0  "  0  0       New  record  sheet 

Tenp,   changed,   11:58:30 

67  12:C0  2  24  6  2.5 

58  12:02  2  "  4  2 

59  12:04  2  "  10  5 

60  12:06  2  "  3  1.5 

61  12:09  3  ■•  8  2.66 

62  12:11  2  "  12  6 

63  12:13  2  "  11  5.5 

64  12:15  2  "  10  5 

65  12:17  2  "  11  5.5 

66  12:18  0  "  0  0       New  record  aheet 

67  12:20  2  "  3.5  1.75 

68  12:22  2  "  5  2.5 

69  12:24  2  17  9  4.5  Between  observation 

70  12:26  2  "  2  1  69-72,   temp. unsteady 

71  12:28  2  "  1  0.5 

72  12:30  2  "  2.5  1.25 

Rest;  begins  movement, 
12:50 

75  12:50  0  »                        0  0         New  record  sheet 
74  12:51  1  »                        2  2 

76  12:53  2  ■  2  1 

76  12:55  2  ■  6  3 

77  12:57  2  "  9  4.6 

78  12:59  2  "  10  5 

79  1:01  2  "  8  4 

80  1:01:30  0  "  0  0       New  record  aheet 

81  1:03  1.5  "  2  1.33 

82  1:04  1  •  13  13 

83  1:0-6  2  "  17  8.6 

84  l:o8  2  "  13  6.6 

85  1:10  2  »  16  8 

86  1:12  0  "  0  0       New  record  sheet 

87  1:15  3  •  35  11.66 


LIII     -     (3) 


-302- 


No.    of 
Observation 


Time 


Time 

Interval 

I'.in. 


Temperature 

Degrees 

C 


Total 

Distance 

Vbn. 


Rate 
Itin  •   per 
Min. 


Remarks 


88 
69 
90 
91 
92 

93 
94 

95 


1:17 
1:18 
1:19 
1:20 
1:21 

1:23 
1:27 
1:30 


2 

1 
1 
1 
0 

2 
4 
3 


17 

N 

N 

n 

n 


26 
n 


16 

8 

8 

8 

5 

5 

8 

8 

0 

0 

27 

13,6 

17 

4.25 

10 

3,33 

New  record  sheet 
Temp,   changed,    1:21:30 


-»• 

* 
in 

f* 
«i 

m 
«i 

dt 
Itl 
n§ 
a. 

Hi 
at 
at 

M 

HI  i 

/••  t 

( 
f 

L 

1 

1 

^ii 

51 

1 

S'  " 

■J 

^^^ 

1 

<      4 

p 

r 

r- 

•«'7 

1  i 

» 

-1 

1   ,, 

■ 

1 

■ 

r- 

»*■;•••> 

- 

1.0$ 

"7 

aj.  i. 

— 

- 

- 

'  r       m       tr      J9        if       wt        *r       /,        jr       ««        ,y        ,(,        ,f       ^ 

vf       J*         jr         «H          M-        ^          ^r        to         4f         /•          '^         2« 

-3U3- 

of 
INDIVIDUAL  UV 


No,  of 
Obaervation  Time 


Time 

Interval 

k.in» 


Temperature 

Decrees 

C 


Total    Rate 

Diatanoe  Vta»   per 

Itai.  Min. 


Remarks 


1 
2 
S 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

16 

19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


10:20 

0 

10:22 

2 

10:24 

2 

10:26 

2 

10:28 

2 

10:28:30 

0 

10:30 

1.5 

10:32 

2 

10:35 

3 

10:36 

0 

10:37 

10:38 

10:39 

10:40 

10:41 

10:43 

2 

10:44 

1 

10:46 

0 

10:48 

2 

10:50 

0 

10:53 

3 

10:55 

2 

10:57 

2 

10:59 

2 

11:01 

2 

11:03 

2 

11:03:30 

0 

0 

11:07 

2 

11:09 

2 

11:11 

2 

11:13 

2 

11:14 

0 

11:16 

2 

11:17 

1 

11:17:30 

0 

11:19 

1.5 

11:21 

2 

11:23 

2 

11:24 

1 

11:25 

1 

11:26 

0 

11:27 

1 

11:29 

2 

11:31 

2 

11:33 

2 

11:35 

2 

19 
II 


24 
n 

N 

n 
n 
n 
n 
n 
n 
n 
n 
II 
n 

N 

n 

N 

17 

It 

n 
n 
n 
n 
n 
n 

N 

It 
n 
n 
n 
II 

N 

n 
It 
n 

25.5 
II 

II 

It 

H 
N 
It 

It 
It 

II 


0 

0 

17 

8.5 

10 

5 

15 

7.5 

26 

13 

0 

0 

22 

14.66 

26 

13 

32 

10.66 

0 

0 

10 

10 

9 

9 

12 

12 

13 

13 

3 

3 

8 

4 

4 

4 

0 

0 

3 

1.5 

0 

0 

3 

1 

3 

1.5 

4 

2 

7 

3.5 

13.5 

6.75 

18 

9 

0 

0 

• 

— 

2 

1 

2 

1 

5.5 

2.75 

16 

8 

0 

0 

2 

1 

12 

12 

0 

0 

13 

9 

16 

8 

40 

20 

10 

10 

20 

20 

0 

0 

16 

16 

20 

10 

15 

7.5 

14 

7 

20 

10 

Temp,   changed^    10:25 


New  record  aheet 


New  record  sheet 


New  record  sheet 

Temp,   changed,    10:48:30 

New  starting  point 


New  record  sheet 

In  sair.e  place,    11:05 


New  rocord  sheet 


New  starting  point 
Temp,   changed,    11:19:30 


New  rocord  aheet 


Reat 


-ou*- 


LIV     -      (2) 


No.   of 
Observation 


Time 


Time 

Temperature 

Total 

Rate 

Interval 

Degrees 

Distanoe 

Mm*   per 

VAn, 

C 

m. 

Win. 

Remarks 


48 

11:41:30 

0 

49 

11:43 

1.5 

50 

11:44 

1 

51 

11:45 

1 

52 

11:46 

1 

53 

11:47 

1 

54 

11:49 

2 

55 

11:51 

2 

56 

11:53 

2 

57 

11:55 

2 

58 

11:56 

0 

59 

11:58 

2 

60 

11:59 

1 

61 

12:02 

2 

62 

12:04 

2 

63 

12:05 

1 

64 

12:09 

4 

65 

12:10 

0 

66 

12:12 

2 

67 

12:13 

1 

66 

12:14 

1 

69 

12:15 

1 

70 

12:16 

1 

71 

12:17 

1 

72 

12:18 

1 

73 

12:20 

2 

74 

12:22 

2 

25,5 


27.5 
n 

II 

It 

n 

It 

It 

It 

n 

It 

II 
II 

26,5 
n 

It 

II 

N 
H 

II 
It 
It 
II 

n 
II 


0 

0 

20 

13.33 

6 

6 

5 

5 

10 

10 

8 

8 

13 

6.5 

12 

6 

3 

1.5 

11 

5,5 

0 

0 

2.5 

1.25 

4 

4 

5 

2.5 

15 

7.5 

11 

11 

37 

9,2 

0 

0 

25 

12.5 

11 

11 

12 

12 

8 

8 

5 

5 

4 

4 

4 

4 

16 

8 

16 

8 

Neir  record  sheet 


Temp,   changed,    11:44:15 


New  record  sheet 

In  same  place,    12:00 
Temp,   changed,   12:04:30 

NeTf  record  sheet 


Plhi'CEvliUkNCE  hfcCGktD 
of 

lUDIVlDUiVL   LV 


No.   of 
Obaervation 


Time 


Time 
Interval 


Temperature 
Ueg;reea 

C 


Total 

Distance 

I'm, 


:iate 
Vm,  per 
t'.in. 


RemarlcB 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 
U 
15 
16 
17 
18 
19 


20 
21 
22 

23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
35 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 


1:15 

0 

1:16 

1 

1:18 

2 

1:19:30 

1.5 

1:20 

0 

1:21 

1 

1:22 

1 

1:23 

1 

1:24 

1 

1:26 

0 

1:28 

2 

1:30 

2 

1:32 

2 

1:34 

2 

1:36 

2 

1:38 

2 

1:40 

2 

1:42 

2 

1:42:30 

0 

1:48 

1.5 

1:50 

2 

1:52 

2 

1:54 

2 

1:56 

2 

1:59 

0 

2:01 

2 

2:03 

2 

2:05 

2 

2:07 

2 

2:09 

2 

2:11 

2 

2:12 

0 

2:13 

1 

2:16 

3 

2:19 

3 

2:24:30 

0 

2:28 

3.5 

2:31 

3 

2:33 

2 

2:35 

2 

2:37 

2 

2:39 

2 

2:40 

1 

2:42 

2 

26 
It 

N 
It 
N 
N 
It 
It 
H 
It 
It 
It 

28 
II 

It 

It 

II 


n 
It 
It 

It 
It 

It 
It 

n 

N 
N 
It 
II 
It 
It 


24 

N 


It 

N 
II 
II 
N 
N 
II 
tl 


0 

0 

8 

8 

8 

4 

4 

2.66 

0 

0 

9 

9 

13 

13 

7.5 

7.5 

3 

3 

0 

0 

6 

2.5 

17 

8.5 

9 

4.5 

4 

2 

4 

2 

6 

3 

3 

1.5 

3 

1.5 

0 

0 

9 

6 

7 

3,5 

15 

7.5 

15 

7.5 

15 

7.5 

0 

0 

6 

3 

6 

4 

8 

4 

12 

6 

6 

3 

6 

3 

0 

0 

2 

2 

9 

3 

10 

3.33 

0 

0 

20 

5.7 

9 

3 

12 

6 

12 

6 

10 

5 

12 

6 

4 

4 

10 

5 

New  record  sheet 


New  record  sheet 
Temp,  ohangedf  1:31 


New  record  sheet 
Rest;  begins  to  move, 
1:46:30 


Temp,  varied  for  3,5° 
after  1:52:30 

Rest;  begins  to  move, 

1:59 
New  record  sheet 


New  record  sheet 
Temp,  changed,  2:12:30 


Animal  under  debris 


LV     -      (2) 


No. 

or 

Tims 

Temperature 

Total 

Kate 

Observation  Time 

Interval 

Dograoa 

Diatanoe 

Mm*  per      Remarka 

Min, 

C 

Mm. 

Ulxu 

45 

2:43:30 

0 

24 

0 

0 

New  record  sheet 
Temp,  ohangedf  2:45 

46 

2:46 

2.5 

26 

12 

4.8 

47 

2:48 

2 

II 

18 

9 

48 

2:50 

2 

n 

9 

4,5 

49 

2:52 

2 

II 

15 

7.5 

50 

2:53 

1 

N 

5 

5 

51 

2:55 

2 

n 

7 

3.5 

52 

2:55:30 

0 

n 

0 

0 

New  rocord  aheet 

53 

2:57 

1.5 

n 

5 

3.33 

54 

2:59 

2 

n 

3 

1.5 

55 

3:02 

3 

n 

13 

4.3 

FOLD  OUT 


-•'=?' 


-307- 


PHvi"aiiLA:.-CE  ll£COLJ 

of 

Ji'>i'<'.i^AM  itVi 

llo.  of 

Tli.:e 

"1 . 

^1 
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